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Preface 


The present revision of “Lambert's Histology” is written primarily 
lor pee as a text by beginning students in histology, It is nota relevence 
book and, for this reason, controversial material has been avoided as 
much as possible, Where differences of opinion were unavoidable, the 
most generally accepted opinions have been adopted, The material has 
been simplified and unified in an effort to aid the beginning student 
in learning the fundamental morphological characteristics and the 
functional significance of the cells, tissues, and organs of the bady, 

One difficulty which seems common to beginning students is the 
practical application of the relatively vast amount of new factual 
material, ‘Chis becomes apparent when they attempt to identily 
unknown tissues and organs present in practical examinations, Short 
sections on methods of identification of unknowns have heen included 
in the laboratory directions to give the student assistance in more 
efliciontly organizing and sorting factual data for practical use. 

The itluswations have been carelully revised and the number of 
photographs and diagrams is increased. ‘Vhe illustrative material has 
been selected in an ellort to utilize only pertinent material which will 
better enable the student to understand and span the gap between 
text and slide material, : 

The writer expresses sincere thanks and appreciation to Dr, W.R, 
Ingram, Dr. W. O. Nelson, and Dr. R. G. Janes, all of the Departinent 
of Anatomy at the State University of Towa, lor their suggestions, 
criticisms, and help in revising the text material. ‘The valuable sug- 
gestions given by Dr. W. M. Fowler lor the chapter on blood are 
pratelully acknowledged. ‘The excellent new photomicrographs would 
not have been possible except tor the padience and splendid prolessional 
services ol Mv, Jack Orris who gave generously of his time and eneipy 
to improve the quality of the illustrative material. To Mis. John H, 
Grothaus the writer expresses gratitude for assistance in setting up 
and typing the maicrial, 
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The Microscope 


It is assumed that students beginning the study of histology have 
received some instruction about the microscope and have had some 
experience in its use. ‘Those whose acquamtance with the compound 
Microscope is limited should become familiar with the following 
description of its construction and the principles on which its use 
is based. 

The microscope is, like the analytical balances of the chemist, an 
instrument of precision and should be employed as such, Observations 
made with a microscope that is improperly used are certain to be 
imperfect and, therefore, untrustworthy. An elementary knowledge, 
at least, of the mechanical and optical principles embodied in its 
consuruction should be acquired by the student belore he attempts the 
work of making observations with the compound microscope. 


THE COMPOUND MICROSCOPE 


A microscope is any lens, or combinations of lenses, by which a 
magnified image of an object is obtained. A single lens, or a simple 
combination of lenses employed tor this purpose, is called a simple 
microscope, A simple microscope produces only a moderately magnified 
image of the object. For securing greater magnilications, a combination 
of lenses, or lens systems,’ arranged in series is usec. Such a combina- 
tion of lenses is called a compound microscope. 

A compound microscope (Fig. 1) consists of a mechanical part, the 
stand, and an optical part consisting of the lens systems by means ol 
which a magnilied image of the object is obtained. The optical parts 
are arranged in relation to an imaginary line, (hé optical axis, which 
extends vertically through the center of the lens systems when they are 
arranged in series, 

THE STAND. The stand consists of a food or base (Fig. 1, B), which 
is U- or V-shaped, and provides thc foundation on which the microscope 

1A lens system usually consists of two elements, ane of clown glass, the other of {tint 


glass, their cunvaumes being foumed so that. when they are jéined together, 0 cateniated 
degree af refraction of the rays of light passing through them is obtafned. 
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resis, The pillar (Fig, 1, P) extends upward [rom the foot to give sup- 
port to the stage and the working parts of the instrument, The siage 
(Fig. 1, §) is a,flat, icctangular or circular plaio1m on which the object 
tobe studied is placed. The arm (Fig. 1, A) continues the pillar above 
the stage, over which it is bent to give support to the body tube 
(Fig, 1, T) to which the optical parts ave attached, The tube is a metal 
cylinder supported by the arm; its position above the stage is such that, 
when the optical parts are attached to it and are in position, they are 
in their proper relation to the optical axis, 

The tube is attached to the arm in such a manner that it can be 
raised or lowered in relation to the object under observation, These 
movements are accomplished. by two mechanisms known as the coarse 
and fine adjustments, The coarse adjustment consists of a rack and 
pinion actuated by a large, milled wheel (Fig. 1, PH) on the side ol 
(he arm, By using the coarse adjustment the long-range movements 
of the body tube are accomplished, It can also be used for obtaining 
the focal level when objectives having a low magnification are em- 
ployed. The fine adjustment is a delicate mechanism -opciated, in the 
older models, by a milled wheel placed at the top of the arm or pillar. 
In the later models it is operated by a milled head (Fig, 1, MH) on the 
side of the arm, The movements of this mechanism are precise and can 
be used for measuring the thickness of objects under observation. Its 
principal use is to obtain the final focus when lenses having the higher 
magnification are employed, 

Drawiung, The drawtube is a metal cylinder which is let into the 
upper end of the body tube, It is used foi increasing the tube length 
of the microscope. Most of the lens systems supplied with labouatory 
instruments are corrected for giving a Mat field, and the least color 
aberration, at a tube length of 160 millimeters; therefore, in using the 
microscope, it is customary to set the drawtube at the line marked 160 
on the graduated scale on its side. 

Nosevirce. The nosepiece (Fig. 1, RN) consists of two circular 
plates, the upper of which is attached to the lower end of the body 
tube, the lower plate being attached to the upper plate so that it can 
be rotated in either direction, The objectives are altached to the nose- 
piece by being screwed into the places prepared for them in the lower 
plate. The change from one objective to another is made by rotating 
the plate so that as one objective is moved out, the required objective 
is moved into position, The objective is retained in position by a spring 
clip which fits into a groove on the edge of the lower plate, 

THE OPTICAL PARTS. The optical parts of the compound 
microscope include the various systems of lenses by which light is con- 
centtated on the object and the diferent degrees of magnification are 
obtained, They consist of eyepieces, or oculars; objectives; substage 
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condenser and mien. Phe mictascape is camsceucted: sa tue the 
optical parts, when they are in position, are in velagion to iu huaginary 
line, the optical axta, which passes vertically thiongh the conser of each 
lens in the series, Tf for any reason, (he lens systems are not in this 
relation to dre optical axis, the resulting image is bined and indistinct. 

Ocuiars, Phe oenias consist ofa combination of tenses which ave 
mounted so Chat they can be inserted inte the upper end at the draw 
tube (Fig, 1, ¥). Two oculars are supplied with each faboratory iticro: 
scope, These are marked 5 X and 10X respectively; the number inci 
cating dhe magnilyiug pawer al the acular, 

Onypecuyes, Phe objectives ig. 1, ©) are lens systems which are 
attached to the dewer end of the body tube and provide the inidat 
maguitiauion, Che numbers marked upon the sides of the objectives, 
16mm, 4 nn, and 1.8 im, indicnte their local Jength (see p. 2). 

It is customary to speak of che 1G nin, abjective as the dom power 
the 4 mm, objective as the dader mediate, ov high dry powers the 1.8 non, 
objective as the high power, or oil tmmersion objective, Vhe oil im: 
mmersion objectives supplied with some microscopes have a fort! feng 
ol 1.2 nim, and 2.0 mo, ‘Phe objective having a toca! lengdh of 1.8mm, 
is the stancknd for making bleed counts and orher clinical procedure, 
although the abjectives having the ather facal lengths can be used for 
these purposes with equal success. 

Lhe objectives are screwed fito the lower plate of the revolving 
nasepicce, so that etch can be brought quickly ina position ag tt is 
needed. “The place lor the atutchment of each objective is usually 
indicated on the side of the nosepicce. 

Suns tack Condenser, The stubstage candenser, sametintes called che 
Abbe condenser aiter its otiginuon, isa combination of tenses pliced 
beneath the stage so that a maximum amount of light may be directed 
on the object, chrough which it pisses ta enter the abjective (Fig, 1, 
AC), A rack and pinion mechimism (at coarsely threaded screw in some 
microscopes) inakes tt possible (o raise and lower the substage con- 
denser so that its pencil of light may be locused directly on the abject 
when necessary. 

With abjectives of lower powers and wider apertures, the passage 
ol maginal rays into the lens, which renders the image indistinct, is 
controlled by the iris diaphragm. 

Makan, The mirror (Fig. 1, M) is attached to the substage mech- 
anisin below the condenser and is used to reflect the rays coming from 
the source of Hight, through the condenser and through the object to 
the objectives. The mirror is provided with a plane and a concave 
surface; the plane surface is to be used when the condenser is in -pasi- 
tion; the concave surface is used when the condenser has been thrown 
out ol position, the light passing directly from the mirvor to the 
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object, Gertain conditions mas 
make it necessary to use the con- 
cave surface when the condenser 
is in position, The mirror is at- 
tached in such a way that il can 
be moved about and inade to Lace 
the source from which the most 
suitable illumination is coming, 


Optics oF ‘rue Conrrounn 


Microscope 


To understand the principles 
on which the compound micro- 
scope is constructed, reference 
should be made to Fig, 2, The 
ocular (IE) consists of two lenses, 
an eye lens (el) and a field Jens 
(fl). The objective (O) consists 
of two combinations af lenses, a 
front combination ({c) which is 
toward the object, and a rear 
combination (re) which is toward 
the body tube. The substage con- 
denser (SC) is in position he- 
neath the stage (S) for giving the 
amount ol illumination required 
for observation with the objec- 
tive used, 

The slide on which the object 
is mounted (sl) is placed on the 
stage; the object being brought 
into position beneath the objec- 
tive, which is lowered to the level 
necessary for obtaining the cor- 
rect focus, The rays, proceeding 
from the source of light, are re- 
flected from the mirror (M) and, 


Fi. 2, Showing the pathway of the 
rays of light and thelr relation to the 
magnificd Image In the compound micro- 
scope. 
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passing through the substage condenser, are bent so that they converge 
upon the object represented by the small arrow between the cover glass 
(cg) and the slide (sl). From this point the rays enter the objective and, 
passing through its lens combinations, ave bent at an angle which causes 
them to meet and cross at the point (F). From this point they continue 
until they enter the beld Jens of the ocular, by which they are again bent 
so that they pass through the aperture in the diaphragm in I, These 
rays, if continned without having heir direction altered by the field 
lens, would form an image at ¥”, which is owt of the Jocal range of the 
eye lens (el). ‘Ihe rays of light, however, passing through the lield lens 
are bent so that the image af the object is formed ac F, which is in the 
focal plane of the eye Jens, Passing throngh the eye lens, the rays are’ 
directed toward the pupil of the eye (Ep), or eyepoint, from which they 
continue to be impinged on the retina at the plane a-c, This is the point 
at which the eye, when adjusted for long-distance vision (infinity), 
receives a clear impression of the object when the objective is in the 
position of exact focus, 


Obviously then, instead of the eye being fatigued or strained by the effort "to 
see with the micrexcope,” the proper use of the instrument requires that the eye 
muscles shall be relaxed ag in long-distance vision, in which the eye approximates 
the condition af absolute reat, In ather wards, a clea, visual Impression of the 
object fs obtained, not by the use af the mechanisms af accomadations af the eye, 
but by the use of the focsing mechanism of the microscope, 


The impression of the image on the retina (a-c) is called the actual 
image. ‘Vhis image is projected along the angle of the rays entering 
the eye and assumes the quality of the projected, or virtual, image 
(A-B), which represents the magnified image of the object as seen by 
the observer, 

TOTAL MAGNIFICATION. By following the mys of Nght in 
the diagram (Fig, 2) as they pass through the lens systems, it will be 
seen that, owing Lo their divergence, the image formect at f-C is greater 
than the object itself, This magnification can be understood by observ 
ing that the distance from the optical axis (o-a) Lo the rays which 
mark the margins of the image at Ff is greater than at the point where 
they piss through the plane of the object. This image is again magni 
fied by the eye lens; the fofal magnification being the magnification 
of the image of F’-F’ (initial magnilication) times the magnification of 
the image by the eye lens, which represents the magnification of 
the ocular, 

These magnifications are usually marked on the lens systems, Thus, 
if the magnitication of the objective is & 75 and that of the ocular Is 
X 10, the total magnification will be 750 times, 

RELATION OF MAGNIFICATION TO FOCAL LENGTH. 
There is a definite relation between the magnifying powér of an 
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objective and its focal length, The compound microscope is constructed 
sa that the real image is formed in the plane f-{. The point where 
the rays meet and cross (I), on their way to form the image in the 
plane f-f, may be called the center of focus. The distance from the 
object to the center of focus is necessarily shorter in lenses of higher 
magnification than in lenses of lower magnification, This represents 
the focal distance of the objective. Since the focal distance in lenses 
of higher magnification is shorter than in those of lower magnification, 
the distance between the front combination of the objective and the 
object decreases with the increase in magnification, This is known as 
the working distance of the objective, 

The focal length is marked on each objective in millimeters; 
16 millimeters for the low (dry) power objective, 4 millimeters for the 
high (dry) power objective, and 1.8 millimeters for the oil-immersion 
objectives 

DEFINITION, RESOLVING POWER, DEPTH OF FOCUS, 
The performance of the compound microscope depends, not only on 
its magnification, but also on the three factors known as definition, 
resolving power, and depth of focus, 

Derinirion, Definition is the sharpness with which an object 
appears when the proper focal adjustments have been made. This 
property of an objective is assured by the care with which most modern 
optical equipment is constructed, If the image appears to be blurred, 
or indistinct, it may be assumed that the correct focus has not been 
obtained, or that the lenses have not been properly cleaned, 

RESOLVING Powzr, Resolving power is an important factor in the 
performance of an objective, It may be defined as the capacity of a lens 
to render visible two points which, when seen with a lower magnifica- 
tion, appear as a single point, This property of objectives is achieved 
by grinding the curvatures of the lenses of which they are composed, 
and combining their elements, so that rays of light emerging from a 
given point are prevented from mingling with rays emerging from an 
adjacent point. 

The resolving power of an objective is related to, and depends 
upon to a large extent, a factor known as the numerical aperture. This 
is usually inscribed on the objective, the figures by which it is indicated 
being preceded by the letters N.A, It may be defined as the angle 
between the rays entering the center of the objective and those 
entering its outer margin. The central rays represent the lowest index 
of refraction of the lens; those entering its margin represent its highest 
index of refraction, 


i 
1 Attention has already been directed lo the difference in the focal length of oll- 
immersign objectives: L8 mm, 1.9mm. and 20 mm. 
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There is alo a definite relation beaveen the ninnericd aperaie 
ol a lens and its power oliumagnification;: objectives having the lowe 
numerical apertures also have the Jower magnifications: those having 
the higher numerical apertures have the higher magnifications, andl 
& greater resolving power as well. vi ‘ 


This leads to the practical observation that the lew power objectives give the 
hese results when an object is being examined for its general charac teristios the 
higher power objectives being employed when the more minute devils of sa uccure 
me being sought. 

‘Lhe idea that the higher the magnification employed, the more one sees of the 
object is erroneous, The following rule shoukl be siictly observed by the student in 
his we of che microscape: Neve ise a magnification greater Unan is necessary for 
revewting Lhe soc tines, ar the parts af seme has, which ove wishes lo observe, 

For example: in the study of an epithelium), the lower power (1G mm, abjece 
tive) should be used, One is able to see, with this objective, the kind of cells of 
which the cpitheliam is formed, the number of cell layers, and in shart. the 
general siuctural characteristics of the tissue. For the study af the celly dhenisel yes, 
for the purpose of ebserving the kind of guamules they may contain in their cyto 
plasm, the Ciatmatin pattern of the nucleus, ete, the lagher powers (4 nin, ar the 
all-ammeision objective) shoukl be used. 





Derry or bocus. Depth of locus or penetration is the capacity of 
a lens to reveal structures which are related to one another, but which 
lie at diferent levels. Like reyolving power, depth of locus depends 
on the magnification and numerical aperture, Depth of facus decrenses 
as magnilying power and numerical aperture increases, 

TIE OUL-IMMERSION OBJECTIVE. The principles discussed 
in the foregoing pages have been considered mainly in relation to that 
series of lenses known ay “dry objectives.” These objectives hive a 
numerical aperture sufficiently low to enable them to udilize as much 
of the light that passes (nongh the object as may be necessary for 
adequate observation without the aid of an additianal refracting 
medium. 

The numerical aperture of objectives having higher magnifications 
than those al the dry series is so great, and the lenses of the front 
combination are so small, that a considerable number ol rays passing 
through the object are bent by refraction so that they fall outside the 
range ol the objective, To obviate this cilficulty, and to direc! as large 
a pencil of light as possible toward the objective, a medium having 
the same index of refraction as that in which the object is mounted 
is interposed between the cover glass and the front combination of 
the abjective. 

The medium commonly used for‘ this purpose is cedar ofl of a 
grade especially prepared for use with the microscope. For obtaining 
the hest result, especially in the examination of exceptionally minute 
objects, such as chromosomes, a drop of the oil should also be placed 
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berween the upper surlace of the substage condenser and the lower 
surlace of the glass slide on which the object is mounted, 

THE SUBSTAGE CONDENSER. The substage condenser is 
a combination of lenses placed beneath the stage for the purpose of 
collecting rays as they are reflected from the minor, so that the maxi- 
mum amount of light will bear upon the object and, passing through it. 
enter the objective, By means of a rack and pinion, actuated by a 
milled wheel, the substage condenser can be raised or lowered. By 
this movement, the light can be regulated by focusing it on the object 
Irom below. 

With objectives of low powers and wide apertures, the passage of 
marginal rays into the lens, causing the image to become indistinct, 
may be controlled by lowering the condenser (o the point where the 
outlines of the image are clearly visible, or by closing the aperture of 
the iris diaphragm below the condenser until the proper degree of 
illumination lor giving a clear image is obtained, 


DIRECTIONS FOR USING THE MICROSCOPE 


Having considered the principles involved in the construction of 
the microscope, the following suggestions lor its use should be carelully 
observed, 

L. Belore attempting to use the microscope, it should be carefully 
examined to see that al] its optical parts ale thoroughly clean, Any dust 
that bas settled on the oculars or mirror should be carelully removed. 
Marks, such as the impression of fingers, on any of the glass should be 
removed by wiping the lens with a piece of lens paper dipped in 
80 per cent alcohol, after which it should he wiped again with a piece 
ol dry lens paper. 

2, Place the microscope on the desk or table so that the heel is 
toward the observer, the stage being directed toward the source of 
illumination. 

The instrument should never be placed so that it rests at an angle 
to the body of the person using it 

8. With the microscope in position, lower the 16 mm. objective 
(o approximately the position of correct focus, Raise the condenser 
to its highest position beneath the stage. Open the iris diaphragm 
beneath the condenser to its fullest extent. 

With the cye applied to the ocular, turn the plane surface of the 
mirror coward the source of light, manipulating it unui it has caught 
the maximum amount of illumination and the field of vision appears 
to “shine” brightly. The extent of the illumjnation can he tested by 

T'Those directtons me for the type of microscope which fs supplied students for labora. 
tory work, ov fot the "physiclan’s model.” ‘They do nat apply ta stands which have been 
designed for specin) kinds of rescaich work. 
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turning the mirror, first in one direction and then in another, noting 
whether the field becomes brighter or dimmer as the mirror is moved 
about, Leave the mirvor at the point where the light in the field is 
brightest. 

A second method for illuminating the field is to remove the ocular 
and, looking inte the tube, move the mirror about until the back 
combination of the objective is completely illuminated. If the ilumina- 
uion is greater in one part of the field, with a considerable shadow in 
the other part, the mirror should be moved about until the shadow 
has disappeared and the light is equally distributed in all parts of 
the lens, Close the iris diaphragm until its edges appear in the border 
of the field, Replace the ocular, and proceed with the examination 
of the object, : 

4. Place the slide on which the object is mounted on the stage, 
moving the slide about until the shadow of the object is seen in the 
field ol vision, Be sure that the side on which the cover glass is placed 
is toward the objective, Fix the slide in position by placing the spring 
clips on either end, Lower the objective, using the coarse adjustment, 
until it is one-sixteenth of an inch, or less, above the cover glass, With 
the eye applied to the ocular, raise the tube slowly wat the image is 
fairly clear, A more precise focus may be obtained by using the fine 
adjustinent, 

The position of the object in the field is indicated by the shadow it forins as It 
passey beneath the objective. When the object is too small to form such a shadow, 
it may be lound by first locusing on the border of the lnbel attached to one end of 
the slide, rad then moving the slide about wotll the object, which will Ne In almost 
the same focal plane as the edge ol the label, is found, 


When the 4-millimeter objective is to be used, the object is first 
found as above with the 16-millimeter objective, then changed to the 
higher power, 

It is the policy of most manufacturers of microscopes to mount thelr 
objectives so that the approximate focal level will be the same for all, 
Objectives mounted in this way are said to be parfocal, When objectives 
are parfocal, one can be replaced by another without any alteration of 
the position of the body tube, Thus, by a simple manipulation of the 
revolving nosapiece, the 16-millimeter objective can be replaced by 
the 4-millimeter objective, or vice versa, the objective which is brought 
into position in this manner being approximately at the correct focal 
level, Afler this change has been made, the act of focusing is completed 
by using the fine adjustment. Since the numerical aperture of the 
4-millimeter objective is suclrthat a stronger illumination of the object 
is required, the aperture in the iris diaphragm will have to be increased 
with, possibly, some alteration of the position of the substage con- 
denser, . 
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‘The amount of light required for adequate observation with any objective varies 
with the intensity of the somce from which it ts obtained, and the density of the 
object being examined. How to obtain the amount of light which will give the bes! 
resulis by the manipulation of the iris diaphragm and substage condenser must be 
determined by experiment, 


In case the objectives have not been mounted so that they are 
parfocal, the Lollowing procedure should be observed. Raise the body 
tube, using the coarse adjustment, Place the 4-millimeter objective in 
position and lower the tube until the front combination of the objec- 
tive almost, but not quite, touches the cover glass, With the eye to 
the ocular, raise the tube very slowly until the object is visible, Use 
the fine adjustment for completing the focus. 

Even when the objectives are parfocal, this method of obtaining 
the focus with the high (dry) objective is advisable, since it obviates 
the possibility of focusing downward, in the attempt to secure a clear 
image, until the focal level has been passed—which not infrequently 
happens—with the result that the objective crushes the cover glass 
spoiling a good preparation and often injuring the Jens, 


Foaustne wirut ‘rin OM-IMMERSION OBJECTIVE 


First find the object with a low magnification objective and bring 
it to the center of the field of vision, Raise the body tube, and bring 
the oil-immersion objective into position, Place a drop of cedar oil, 
of the grade supplied for microscopic work, on the cover glass above 
the object. Lower the body tube until the front combination of the 
objective is in contact with the drop of oil, Continue this movement 
until the Jens rests lightly on the cover gJass, Place the eye to the ocular 
and raise the tube slowly, using the fine adjustment, until the object 
is clearly in focus. 


Attention has been directed to the tact that, in focusing with different objectives, 
the working distance of the object is lessened as the numerical aperture and degree 
of magnification are increased, This distance between the objective and the object 
may vary somewhat for different makes of objectives having the same magnifica. 
tion, owing to the manner in which the front combination is mounted, 

The working distance of oll-immersion objectives is so slight that only a fraction 
of a turn of the milled head, by which the fine adjustment is operated, is necessary 
for obtaining the required changes of focal level. 


After the object has been located and the proper focal adjustments 
have been made, the slide may be moved about freely since the drop 
of oil tends to cling to the objective. 

Owing to the high numerical aperture of the oil-immersion objec- 
tive, the substage condenser should be raised to its highest level and 
the iris diaphragm beneath it should be wide opon to permit the 
passage of the greatest possible amount of light, The illumination of 
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the object is greatly improved, and its finer details are more clearly 
observed, if a drop of the ofl is placed on the upper stuface of the 
condenser and brought into contact with the lower surface ol the slide, 

Alter using the oil-immersion objective, the off should be removed 
immediately Jrom all surlaces with which ithas been in contact. TL it is 
alowed to remain for any length of Gime, it hardens and can be 
removed only with difficulty, Wipe die surlaces of the objective, the 
slide and the condenser with a salt cloth moistened with 90 per cent 
alcohol, after which they should be thoroughly dried with lens paper. 
Xylal is sometimes used for this purpose, but this should be used with 
areal care as i is likely to injure the mounting of the lenses, 


Usr ov crim Fine, ApjustM ene 

As a rule, sections ae cut to a considerable cepree of thickness. 
For this reason many important points to be observed do not lie in 
the same local plane. Chis is especially due when the higher powers 
are used. That structures, or parts ol structures, which lie at different 
levels in the same preparation may be properly observed and their 
relations to one avother determined, it is important that these varying 
local levels should be sought by a constant use of the fine adjustment 
Ic is only as structures, as they extend from one local level to anather, 
are followed in this way that they can be properly observed ang under: 
stood, Failure to use the fine adjustinent in this manner is the mark 
of a poor microscopist. 


CEN PERING THE Object 

One of the difliculiies most Irequently encountered by the beginner 
in the use of the inicvoscope is that an object, or part of an object, 
which has been observed with the lower power does not appear in 
the field when the change to an objective ol a higher power is made. 
Tn imicroscopes whose mechanism has become somewhat worn, the 
recovery of (his point ol observation is difficult and involves a consid: 
erable loss of time. For bringing such a lost point into the field of 
vision the follawing proceclire is suggested: 

Using the objective of lower magnilication, select sonie point in the 
section or preparation which can be readily recognized, Bring this point 
to the center of the field and change to the higher power, Assuming 
that the point selected is no longer visible in the field, sclect another 
easily identifiable point and bring it to the center of the field. Move 
the slide until the second point is close to the eclge of the field. If the 
point first selected does not appear, return the second point to the 
center of the lield and move it as hefare, but in a different direction. 
Repeat this proctdure until the point first selected—which is the point 
sought-hié been brought into-the field of vision. The direction ahd 
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distance of the last movement should always be used to recover a point 
which has passed out of the field of vision when the change has been 
made from one objective to another. 

A permanent record of this observation should be made in the 
following manner: draw two circles, one to represent the field as it 
appears under die low power, and a second circle ta show the field as 
it appears under the higher power (Fig. 3). Let A represent the point 
selected and brought to the center of the field in circle 1 (representing 
the low power), In circle 2 (representing the higher power) the point 
A lies to the right and slightly outside the field, 





1, 2. 


Fic, 8. UWlustrating the method of bringing an object, which hag 
heen lost in changing from the low to the high objective, into the 
miuioscopic field. 


Let B represent the second point selected and brought to the center 
of the field under the higher power. When the slide has been moved so 
that the point B is in the position of BY, A will appear in the field of A’. 

From the foregoing, it is clear that any point centered at A under 
the low power objective will be out of the field when the change 
has been made from the lower to the higher power, Moving the slide 
in the direction, and through the distance, indicated by a line drawn 
from B to B’ will bring the object sought into the high power field, alter 
which it is readily centered for observation, 

It should he borne in mind that, in a new instrument, objects 
which have ‘been centered for, observation under one power will occupy 
nearly the same position in the field when the change has been made 
to another power. It is probable that only in microscopes ‘which have 
been used for some time, with the development af wear in some portion 
of their‘ mechanism, will the above procedure be required. 


Each student should be required to find the amount of divergence between the 
low and high powers of Uhe microscope he is to use by employing the abave method, 
and make, a record of that divergence, This record should be referred to whenever 
points selected for observation do not appear in the ficld of vision on changing 
from one objective to another, 





The Cell 


Our present information concerning the cell has been accumulated 
after long and painstaking studies employing a variety of techniques, 
At first the method most generally used was the study of dead cells 
and tissues. This material was prepared by first treating the tissue with 
a fixative, cutting it into thin sections, staining the sections and then 
examining them with the microscope, Wile this method gave a large 
amount of information concerning the morphology of the cell, it left 
much to be desired, 

Since these early studies, a variety of other techniques and methods 
have become available and the supplementary data have in mary 
instances verified the findings of the carlicr investigators and in many 
instances have added entirely new information, 

The methods which are currently available are: 

1, Study of dead cells and tissues by means of: 

Fixed, stained sections 

Freezing-drying method 

Uluacentrifuge 

Microincineration 

Study of living cells and tissues by means of: 
Tissue culture 

Direct microscopic examination of living tUssues 
Use of vitally and supravitally stained material 
Microdissection 

Use of moving pictures taken of living cells. 

For information concerning these various techniques and discus: 
sions of their advantages and limitations, the student should refer to 
books on techniques and to various research papers. A list of suggested 
reading will be found at the end of this book and students shauld feel 
responsible for availing themselves of some of these pertinent and 
stimulating discussions if they are to get the most out of their study 
of the course. 


nr 


‘THE CELL 
The cell is the vital element in the structure of all tissues, Cells are 
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Me, 4. Ovum, Contained in a primitive follicle in the ovary of a cat, The ovum at this 
stage Is representative of « typical call, 


composed of a substance called protoplasm which in itself exhibits 
the important properties of growth, metabolism, irritability, and repro- 
duction, Chemically, protoplasm consists of a relatively small number 
of elements, the most important of which are: carbon, oxygen, hydro- 
gen, nitrogen, together with varying, small amounts of sulfur, iron, 
magnesitum and phosphorus. However, these elements are combined so 
that the resulting substance is extremely complex, In its physical struc- 
lure protoplasm belongs to that class of substances known as colloids. 
The cell may be defined as the smallest unit of protoplasm that is 
capable of growth, metabolism, irritability and reproduction, Struc- 
turally it consists of two principal parts: the cell body, formed by proto- 
plasm known as cytoplasm, and the nucleus, which is a smaller proto- 
plasmic body contained within the cytoplasm of the cell body. 


Tue Cyropiasm 

The cytoplasm is an important part of a functional cell, This is the 
part of the cell which moves or contracts, thus enabling individual 
cells to move from place to place within tissues (wandering cells) or by 
its contraction makes it possible for parts of the body to move or the 
walls of hollow organs to contract (muscle cells), It is within the cyto- 
plasmic portion of the cell that glandular secretions are elaborated 
ang in nerve cells it is concerned with the transmission of impulses, 
There are other evidences of functional phenomena in this portion of 
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the cell, which can be corelated with changes in appemance of cera 
suructures contained within the cyloplasm, ‘These will be described 
and discussed later. . 

In appearance, the cytoplasm ol living cells isa clear, viscid, semi- 
fluid stbstance, not unlike the uncooked white of an egg. When viewed 
with the microscope, in fixed preparations, ils appearance varies wilh 
the kind of cell and also with the stain usecl and the kind of fixative 
employed, In fixed preparations the cytoplasm usually has the appean- 
ance of being granular, although in some cells it has a characteristically 
homogeneous, nongranular aspect. Within it there are also other struc: 
tures which may be demonstrated if the proper fixatives and. stains 
are used in preparing the tissue, These structures are of two distinct 
types. The first, called cploplasmic organoids are living, protoplasmic 
structures having definite form and they participate in the functional 
activity of the cell. ‘Chis group includes: the centrosome, Galad body, 
mitochondria, and fibrils, The sccond type is the non protoplasmic 
(metaplastic) inelusions which are more or less temporary, Nonliving 
constituents of the cell, In this group belong presecredion granules 
(vygmogen granules), yolk granules, fat droplets, carbohydrates (prin- 
cipally in the form of glycogen), protein accumulations, various: pig- 
meuts and crystalline bodies. 

ORGANOIDS: Cenrrosomes, Centrosomes have been identified in 
practically every animal cell, with the exception of nerve cells, When 
present the centrosome lies in close proximity to the nucleus, being 
located just external to the nuclear membrane. In a few instances it has 
been observed to lie within the nuclear membrane, 

The centrosome consists of a spherical mass of specialized proto- 
plasm known as the cenfrosphere, In the center of the centrosphere 
is a small, deeply staining body (uwo me present sometimes) known as 
the centriole. In cells undergoing mitotic division, delicate, filament- 
like rays (astral rays) vadiate iv all directions from the centrosome, 
The entire structure then assumes a starlike appearance and is termed 
an aster. The centrosphere and astral rays are highly resistant to 
ordinary staining processes, hence their substance is said to be achyo- 
matic, The centrosphere and astral rays are frequently absent from 
cells which are in the resting stage, For this reason the term “centro- 
some” is applied only to the centriole hy some authors. 

The centrosome plays an important pave in the mitotic division of 
the cell and is believed by some (0 be concerned with the initiation of 
the process, In ciliated cells, bodies which are clerived from the original 
centriole, are located at the bases of the cilia and appear to be related 
to their characteristic movements. hese observations have led to the 
belief that the centriole is the center of the dynamic or energizing 
properties which are expressed ‘in the movements of protoplasm, 





Fra, $, Cells with various organoids and Inclusions, (1) Liver cell of an oxololl, Large liregalar 
oyloplasinie hodlvs are protein inclusions and smaller sound bodivs are milochondisa, The nucleus 
coining n round acicdoplil nucleolus, and gianulea of oxy- and bastchromatin, Hematoxylin eosin 
azure sinin, (1100 X.) (2) Tdver cells of na iabbit, Protein inctusions slow as grey cytoplasmic 
arena; itochoudiia nas black dots. Altmann stain, (780 x.) (3) Liver cells of n white rat; one 
cell is binueleate, White spaces ae vacuolea resulting front dissolving of the fat. IMuck gianules 
are glycogen, Fixed in afeohol and stained with Best's caimine. (800 x.) (4) Epithelial cell, from 
the orn! cavity of an axolotl embryo. Large lireguiat cytoplasmic bodies are yolk Inciusions, small 
dota are pigmont gionules. Eosinaaure ainin, (1200 X.) (8) Macroplinge fiom (he subewlaneaus 
Usaue of a white rat, Round granules stained intiavitaily with isamine blue (1200 +.) (6) 
fibroblast with rod shaped mitochondria, front uke subeutaticour conmective asic at a white rat. 
(1200 &.) (7) Chromatophore from an axglot) embryo. Pigment is granu binck, Chen, grey meng. 
at lower Jef are 4 ow yolle granules. (8) Golgi nets, left of nuclei, in cells af pelvic glind of 
Triton taenintus, Withis the net e few round black secietory granules oe Aopen ing, Lhe saanules 
near the free Forder of the lowest cell arc from the preceding secretory cycle Fixation Champy, 
staleat with the Altmann method and aiiantia CUguies 5 and @ ae fiom prepnations of Tachaschin, 
thu Meant and Rinna “A Tixthoak of 
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Not infrequently two centrosomes are present ina cell and it is then 
known asa diplosome. 

Goer Bony, The Golgi body (reticular apparatus: Golgi net) was 
first, observed in nerve cells and described by Golgi in 1898. It is 
probably present in all cells and generally appears in the form of a 
fibrillar network, It is usually located in the region of the nucleus 
where it may be arranged in a fairly compact meshwork or it may be 
spread throughout a large part of the cell. Since the Golgi apparatus 
can be stained with osmic acid, if fixed in a fat-solvent free fixative, 
it is assumed that the composition of the fibrillar body is lipoidal in 
character, Functionally the Golgi apparatus is thought to be related ta 
the secretory activity of the cell, This belief is based upon observations 
on glandular cells which show that the Golgi apparatus is increased in 
size during the active secretory stage of the cell and undergoes a reduc- 
tion in size at the time the cell enters the resting stage, There is also 
evidence available which indicates that the first secrelory granules 
formed appear within the meshwork of the Golgi apparatus, However, 
much still needs to be learned before the function of this structure 
is understood, 

MrrocuonnriA, ‘These cytoplasmic organoids are present in all cells 
in the form of granular bodies, or short or long rods, They may be 
stained if the tissue is preserved in a fixative [ree of any fat solvent. 
This indicates their lipoidal nature. Actually they are classed as lipo- 
proteins, in which the lipoidal portion is the minor constituent. Much 
speculation has arisen as to the function of the mitochondria, At pres- 
ent it seems probable that these structures are closely related to the 
secretory activity of the cell and possibly 1o its metabolic activity, How- 
ever, the exact relationship of mitochondria to cell activity is not well 
understood and further critical research is necessary before this ques 
tion can be satisfactorily answered. 

Finrits, Fibrils are present in many cells, but nowhere are they 
as prominent as in the muscle and nerve cells, In the cells of the 
epidermis (prickle cells), the fibrils extend through several cells. The 
exact nature or function of the fibrils is not known. In muscle cells 
it is thought they may represent contractile elements, while in nerve 
cells the fibrils have been considered essential for the transmission of 
the nervous impulses, and in the epidermis they are thought to be 
important as a means of “anchoring” the cells together, 

INCLUSIONS. Within the cytoplasm of cells are certain sub- 
stances which are nonprotoplasmic in nature. These substances may 
be stored food material (yolk granules, fat droplets, glycogen granules) 
or they may represent waste products, resulting from the metabolic 
activity of the cell, Many epithelial cells show granules of pigment 
which are normal constituents of their cytoplasm. In ather cells or 
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under certain conditions, the presence of pigment granules is evidence 
of a pathologic condition, 

GELL MEMBRANE. In all cells the cytoplasm is enclosed by a 
limiting structure Known as the cell membrane. This membvane is an 
extremely important part of all cells, since it is through this membrane 
that substances must pass to enter or leave the cell. It is essential 
therefore that it be a semi-permeable membrane which functions in 
a selective manner, thus barring certain substances from entering or 
leaving the cell, 

The consistency of the cell membrane varies considerably and it 
has been suggested that some cells have actually two membranes, first 
a thin, inner membrane which is formed by a modification or thicken- 
ing of the cell protoplasm at the surface of the cell (plasma membrane), 
and secondly, a well defined cell membrane, which is readily demon- 
strated in many cells and which lies just external 19 the plasma or 
inner membrane. This latter membrane is readily demonstrated in 
certain epithelial cells and in striated muscle (the sarcolemma), It is 
a thin, homogeneous, structureless membrane which functions pri- 
marily as a protective enclosing layer. 


Tue Nucirus 


The nucleus is a clearly defined, basophilically staining body 
located within the cytoplasm. Its form varies, but tends to conform, 
more or less, to the general shape of the cell, In spherical or cuboidal 
cells the nucleus is usually spherical, In clongated cells it tends to be 
oval in outline, In certain specialized types of cells it may be crescentic 
or lobulated. In describing the appearance of the nucleus, the terms 
vesicular and densely chromatic ave often encountered. Nuclei which 
are large and contain relatively small amounts of chromatin and there- 
fore stain lightly and have an “open” appearance are said to be vesicular, 
to distinguish them from the smaller nuclei in which the chromatin 
forms a compact mass that appears as a more or Jess solid deeply 
stained body. While most cells contain a single nucleus, some of the 
large cells contain (wo or more nuclei and are known as multinuclear 
cells. 

The nucleus contains several distinct nuclear constituents: the 
nuclear membrane, the network of linin fibers, and chromatin material, 
the nucleolus, and the nuclear sap. 

THE NUCLEAR MEMBRANE. The nucleus is outlined by a 
clearly defined nuclear membrane which stains sharply with basic dyes. 
It is relatively chiti but a fairly tough structure which serves to retain 
the nuclear sap and network, yet allows the nucleus to change shape 
if it is compressed, IL it is ruptured, the nuclear sap escapes, 

NUCLEAR SAP, The matrix or ground substance of the nucleus 
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is known as the nuclear sap and in it are embedded the nucle network 
and the nucleoli. It is a homogeneous, viscid, protoplasuic substance 
of complex chemical composition, 

THE NUGLEAR NETWORK, Within the nuclear sap is a net- 
work al delicate, achromatic fibers, the dinin frbers., Scattered along the 
linin fibers are masses of varying size, of a deeply staining material 
which is called clrouatin because ol its alfinity for certain dyes. This 
chromatin material ig probably the most important constituent of the 
nucleus and is intimately concerned with niitosis or cell division, Two 
types of chromatin are generally recognized: one, which stains with 
basic stains, is called basichromatin; the other stains with acid status 
and. is known as exychromatin, There is evidence which seems to inci 
cate that these (vo types are actually diflerent stages of one and the 
same substance, 

NUCLEOLI Most nuclei contain a sharply defined spherical bacly, 
the nucleolus, which usually occupies an eccentric position in: the 
nucleus. Cells generally contain a single nucleolus, but itis net uncon 
mon tor two or more nucleoli to be present, ‘rue nucleoli are known 
as plasmosomes and stain pink with hacmotoxylin and cosin, There is 
another type of nucleoli which stains basaphically, ‘hese are sometimes 
referred (o as false nucleoli or karyosomes, Functionally the plasmo- 
somes are thought (o be concerned with the seeretory activity of the 
call, Our information regarding the function of the karyosumes is more 
definite, These lalse nucleoli are unquestionably related to cell division 
and they serve as storehouses lor the chromatin material which is 
required by the chramosames during mitosis, 
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Cells present a viniely of lorms, ‘The shape ol individual cells is 
determined by the manner in which they are grouped in tissues and 
also, by the nature ol the Junction which they perform. 

SPHERICAL GELLS. The egg cells (ova) of almost all animals 
are spherical, the principal exception being the oval-shaped eggs ol 
certain. insects, Apart {fom these, relatively few cells in the animal 
body are spherical, Certain {ree cells in the body fluids may assume 
a rounded appearance, but Utis form is not maintained for any con- 
sidevable length of time. 4 : 

POLYGONAL CELLS. Polygonal cells may be regarded as a mori 
fication of cells which are originally spherical in form, When crowded 
together, (hese cells press upon one another and the shape of adjacent 
cells is modified by thig mutual pressure, j 

PYRAMIDAL CELLS, The cells which border a tumen and fornt, 
the epithelial lining of ceitain glandular surnctures are pyramidal ‘in, 
form, This is besause their, basal portions, which .are-autached 6 4. 
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basement merabrane, remain practically nnaltered while the apical 
portion is compressed and narrowed, 

SQUAMOUS CELLS. The types af cells which form the lining of 
serous cavities, blood vessels, lymph channels, some cells of connective 
tissues and certain cells in other localities, such as those lining the 
anterior chamber of the eye, appear as attened, protoplasmic plates. 
Because of the extreme thinness of the protoplasmic plates, the nuclei 
with a small amount of cytoplasm surrounding them form a character: 





‘ © 
Tio, 6., Types of cells, (A) Spheiichl cell, ovum from ovary of dog. (1) Polyhechal cells 
(from liver. (C) Pyramidal cells fom glandular epithelium, (D) Squamous cells fom 
mi@entery, (2) Squfimons cells Giom mouth. (F) Pavement (polygonal) cell front skin of 
salanynder, (GQ) Guboldal calls from winiferous, uybule. (11) Colunymur cella from in- 
testinal canal, ca) Fuystform cell from sniooth muscle. (J) Stellate cells from conta nervous 
syalem, e 2 i 
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istic bulge when viewed in vertical (profile) section. ‘Their scalelike 
appearance gives the term squamous to cells of this type. 

The cells forming the outer layers of the epidermis of the skin, 
which have become flattened by the growth pressure of the cells 
beneath, are also said to be squamous, 

CUBOIDAL CELLS. The cells of the epithelial lining of some of 
the tubules of the kidney, the smaller ducts of certain glands, etc, 
ave equidimensional when seen in vertical section, Their nuclei are 
characteristically spherical and are centrally located in the cell, Such 
cells are said to be cuboidal. 

Many histologists do net recognize the cuboidal form as a distinct type of coll, 
but regard it as a low, or depressed form of the columnar type; the difference being 


expressed by the terms tall columnar, intermediate columnar and low columnar, 
Pyramidal cells me generally regarded ay a modification of the columnar cell, 


COLUMNAR CELLS, Gohunnar cells occur in many epithelial 
tissues, especially in the lining of the alimentary canal, The height of 
cells of this type is from twice to several times their breadth, or thick- 
ness, The nuclei are usually oval in outline and are Jocated in the 
basal portion of the cell. 

FUSIFORM CELLS, Some of the cells associated with the connec 
tive tissues, smooth muscle cells, and cells in certain portions of the 
nervous sysiem are more or less characteristically spindle-shaped, Such 
cells are said to be fusiforn, In short fusiform cells the nuclet are nearly 
round in outline; in the longer forms they present an elongated oval 
Appearance, 

STELLATE CELLS, Cells which are provided with protoplasmic 
processes present an irregular outline which gives them a_ starlike 
appearance, Such cells are said to be stellate. Stellate cells are of 
frequent occurrence in the nervous Lissues and in some of the earlier 
forms of the connective tissues, 

AMORPHOUS GELLS, In the living, the shape of cells appearing 
in the blood, lymph and body fluids is being altered constantly by 
the extension and retraction of portions of the cytoplasm (pseudo- 
poclia), first in one direction and then in another, Since these cells do 
not present a constant form, they are said to be amorphous and include 
the cells which exhibit phagocytic properties, 


CeELL Division 


The bodies of all the higher plants and animals consist of aggrega- 
lions of cells arranged in the form of tissues and organs, Since every 
kind of living body has its origin from a single cell, it is evident that, 
in the higher animals and plants, an enormous number of cells must. 
be derived from, this original cell (ovwmt: germ cell) before the final, 
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adult form of tle bady is established. Uhe pracess by which this 
increase Lakes place is known as cell division, 

Cell division is a process by which a single cell is divided into uo 
approximately equal halves, each half containing an equal amount 
of the cytoplasmic and nuclear material of the original cell. By this 
means a single parent cell becomes the progenitor of two daughter 
cells, each of which repeats the process after a period of growth, The 
formation and growth of the body is due to a continuation of this 
process: the cells being differentiated to form the various types of 
tisstes which are combined to form organs, and so on until the body 
has attained its mature or adult condition, 

Cell division is continued more or less constantly even after the 
adult form has been attained, With few exceptions cells in the various 
Lissties sticcuynb to the stress and strain of functional activity, or are 
destroyed by injury or disease. Wherever this loss has occurred new 
cells must be formed to take the place of those which have been 
destroyed. This process of replacement and fepair is accomplished 
by the clivision of the cells that are adjacent to the worn or injured 
area, Under conclitions which are as yet little understood, cells may 
be stimulated to increase al an abnormal rate, resulting in a patho- 
logical overgrowth (hyperplasia) of the tissue involved. 

‘Two types of cell division are recognized: the first known as direct 
cell division, or amitosis; the second is called indirect cell division, or 
mitosis! 

AMITOSIS (DIRECT CELL DIVISION), In direct cell division 
the nucleus and céll body become clongated, A constriction appears 
about the middle of the nucleus, which*deepens until it is divided. into 
two approximately equal portions which separate and pass into the 
opposite ends of the elongated cell, The cytoplasm is likewise divided 
into halves by the deepening of a constriction which appears about the 
middle af the cell. Thus cach of the two cells produced in this manner 
consisis ol one-half of the cytoplasm and one-half of che nucleus of 
the original cell, Before the division of the nucleus takes place, the 
nuclealus splits inta two parts and the nucleus of each of the newly 
formed cells contains half of the original nucleolus. 

Although the significance of amitotic cell division is not clearly 
understood, it appears to occur in tissues of which a more than 
ordinarily rapid rate of growth is required, 

MITOSIS (INDIRECT GELL DIVISION: KARYOKINKSIS), 
In this form of cell division the chromatin contents of the nucleus pass 

LThe tenn, mitosis, ig delved from a Gieck word meaning @ tread, ft Js applied to 


this form of cell division because, in the process, the chromatin assumes the form of thread: 
Hke Maments. In amifasis he mangement of the chromadn in the form of filaments does 


Hob occ, 


at PHL GhLL 









we tM tee 
e tyedhaty plier, 


Perret haa 
cs ‘ eve hp e 
ih Le set : 4 








Ch a elie iS 
otye ah hhy 
rae 
ome re 


Liv 7, Mitovs, Onion root tp. (1) Resting cell. 2) Mophise, the chramuin ls grouped 
fh anid! ononcs prepay to the formittion of the sprgtic. (8 aid 8) Cliaeracda torn 
Ing the ribban like spheme. (4) Metaphine, (8) Anuphase. (54) Jitter age of aratpbase, 
(8) Velophase. 


through a series ol changes, which result in an equal distribution of 
the nuclear materi (o dhe daughter cells, Beginning with the resting 
cell, these changes present a series af stages which are knawn as the 
prophase, (he metaphase, the anaphase, and the telaphase, While each 
Slage relers (0 a certain arrangement of the chromatin bodies in the 
cell, mitosis should be regarded as a continuous process, 

Tim Resting Stace, The resting stage is the prelude to the 
mitotic division of ie cell, The distribution of the chromatin in the 
nucleus, the position of the centrosome, and the general character of 
the cell cottesponds to that observed in cells in which division ts not 
taking place. Since the daughter cells, inuneciately after division has 
accutred, are smaller chan the parent cells, tie resting stage is to be 
regarded as a period ol cell growth.! 

1 The giowth of the cell must not be confused with the giowth of the body, Body 
giveth is due io the Increase in the number of cells whieh form its useue constituents 


Cell growds is the reqdi of nutitional pracesws by witielt the daugliet calls ution the 
Houml sive and condition of the parent cell, 
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“Lux ProvitAsr, In this stage the process of division is initiated 
and the centrosome divides. ‘Che wo centrosomes which are formed 
by this division move away hom each other and come to rest at opposite 
sides ol the nucleus. The achromatic fibers form vays (astral rays) which 
surround the cenuosomes and the sperdle which appears between. 
‘The chromatin material of the nucleus is assembled in the form ol a 
coiled band a1 ribbon, the spireme, This is lormed within the nuclear 
membiane, However, the membrane disappears aud the spireme, its 
coils somewhat mare widely spread, comes to Ue directly im relation 
to the cytoplasm, With the formation of the spireme the nucleolus is 
lost to view. 

‘Tne Muiavtiase, At the close of the prophase, the spireme is broken 
into a number of segments called chromosomes;! these assume a 
1egular arrangement about the equator of the spindle. At the end of 
the metaphase the formation of the spindle is completed and each 
chromosome splits longitudinally into halves, 

Tru ANApuAsE. Following the metaphase, the divided chiomosomes 
begin to move in opposite directions; one-half of each chromosome 
proceeding in the direction of one pole, the other in the direction 
of the opposite pole of the spindle, 

It is believed that this movement is due to the contidction of the achromatic 
fibers of the spindle, some of which have hecome attached to the chomosomes, The 
fibets attached ta the middle of each chiomosome apparently contract more tpidly 


than those attached to the ends, this results in each chiomovome bemg bent mto 
a U-shaped loop, the loop being open toward the equator of the spindle, 


‘Tur Trroprrasr. At the end of the anaphase the chromosomes arc 
assemble at their respective poles of the spindle, where they lose 
their identity by the apparent Lusing of their chromatic substance into 
a single mass. They become enclosed by a new nucle membiane which 
separates the nuclear material from the cytoplasm. A nucleoreticulum 
is lormed by the arrangement of the linin fibers ina network and the 
distribution of the chromatin upon the fibers in the normal inanner, 
A nucleolus appears in each ol the newly formed nuclei with the 
nucleus resuming the appearance characteristic of the resting: stage. 
The centrosomes which were located one al each end of the spindle 
are now in their usual position outside the nuclear membranes. 

In the meantime a constriction has appeared about the cell body. 
While the changes described have been taking place, this constriction 
has deepened until, at the close of the tclophase, the cell is clivided 
into two halves; each half, with ils newly formed nucleus, constituting 
a new cell, 

1 The number of chiomosomes Is specific for every species of plant and animal In one 
species of Ue 1oundwoim, Ascaris, the number of chromosomes fs two, In another specles 
«the mimber fs fou. The number of chromosomes estimated for man is 18, 
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Tn mitesis the chromatin gramues are assembled int nen mangement in the 
chromosomes, The longitudinal splitting of each chromosome divides its Unear com 
ponents so that, as the new muded wae formed at their respective pales ol che 
spindle, cach receives one-ball of the material of which the origiial chromosomes 
were formed betore the divisian took place. By this process each newly foumed 
nucleus teceives the dynamic elements of the original nucleus in equal proportions. 





Fro, 8, Mitotic cell division, Bgzecell of Ascurts. (A) Rest 
ing stage. (B) Praphaye, with division of centraxome (C), 
(C) Late prophase, (D) Metaphase, (and 2’) Anaphase, 
(G) ‘Telophnse, (After Szymonowies from Koxtanecki.) 


Tr DievERENTIATION OF CELLS 

As may be inferred Irom the foregoing discussion, all of the cells 
which form the tisstes of the bady are derived from a single germ cell. 
The cells which are first to be formed by the division of this germ cell 
are morphologically alike, As the number of cells increases, changes 
take place whereby cerlain groups of cells differentiate and become 
specialized to take over specific Linctional activities within the organ. 
ism. One group of cells specializes Lo form the supportive framework of+ 
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the body (connective tissues), while another group of cells tikes over 
the transportation of food materials and climination of some of the 
waste products (blood and lymph systems), etc. This functional speciali- 
vation necessitates a change in the form and appearance of the cells 
as well as their functional capacities. This mocilication of form and 
character ol the cells by which they are adapted for their place in the 
various Lissues of the body, is known as cell differentiation. 

Cell differentiation continues until the permanent condition of 
the tissue has been established. After that cells undergo division for 
the replacement of cells that have died as a result of functional activity, 
or have been destroyed by injury or discase. Thus in the Sully devel- 
oped organism, once differentiation has occurred, cells undergoing 
division produce like cells. Very few cells in the body retain their 
carly mesenchymal potentialities whereby they can produce a variety of 
cel] types if the need arises, 


3 


Epithelial Tissues 


The term epitheliion is applied to those tissues which caver the 
surlace of the hocdy, or form the lining of cavities and tubular sty uctures 
which communicate directly or indirectly with the surlace ol the body. 

Kpithelial issues are predominately cellular in structure, being 
composed of cells placed Clase to one another ind held together by 
small amounts of intercellular material known as cement substance, 
This substance is soft and yielding so that the cells are not held rigidly 
together, but are able to change their form when yielding to pressure. 

The chiel function served by epithelium is protection, On the 
surface of the body where it is subject to Gaumit, pressure, and 
temperature changes, the epithelium develops its greatest protective 
capacity, Besides this function, iC also absorbs substances as illustrated 
by the epithelial Jining of the alimentary act. Some of the epithelial 
cells in the alimentary tract differentiate to produce mucus. a thick 
viscid steretion which serves to protect the epithelium from. being 
autolysed by cligestive juices and to act as a Inbricating miterial 
throughout the intestine, The functions required of epithelial tissues 
necessilate a capacity lor regeneration and repair, which they exhibit 
to a marked degree. 

In some types of epithelium, as in certain areas in the epidermis 
of the skin, the ¢ells are separated by spaces or channels, which are 
filled with a lymphlike fluid. Where this occurs, the cells are joined 
together by delicate extensions of their protoplasm (protoplasmic 
bridges). This union of the cells is strengthened by specialized fibers 
(lonofibrils) which not only pass through the cell, but also pass from 
one cell to another by way of the protoplasmic bridges. The presence of 
these Lonofibrils can be demonstrated by the use of special techniques. 
When these cells are separated [rom one another, the broken prote- 
‘plasmic bridges give them a burrlike appearance, Cor which reason 
they are often referred ta as prickle cells, 

All epithelial tissues present two surfaces: a free surface and a basal 
surface which rests on the underlying Ussue, The portion of the under- 
lying issue adjacent (o the epithelium is usually differentiated to form 
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a basement membrane, Ww is presumably by means of the basement 
membrane that the epithelium is attached to the tissue on which it 
rests. 

The nature of the basement membrane is variously interpreted. 1 
has been regarded as the result of the interlacing and fusion of the basal 
processes of the epithelial cells; as a substance secreted by the cells 
in which the basal processes ol the cells and delicate fibers from the 
underlying tissues are intermingled and held together; and asa delicate 
network of fibers [rom the underlying tissue which are interwoven 
with the basal processes of the epithelial cells, Observations of cpi- 
thelium in different areas, seem to indicate that the character of the 
basement membrane varies with the location and functional require- 
ments of the tissue. The presence of a basement membrane cannot he 
demonstrated in relation to all types of epithelial tissues, although it, 
or a modification of the subepithelial tissucs which serves the purpose 
of a basement membrane, is probably present. In the epithelium 
lining the respiratory tract, a well defined’ basement membrane is 
present and appears as a light staining, homogeneous zone. In the 
epithelium of the follicles of the thyroid gland, on the other hand, any 
structure resembling a basement membrane is notably absent. 
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‘The kinds of epithelial tissues are recognized and classified accord- 
ing to the shape of their cells (squamous, cuboidal or columnar) and by 





Tic. 9 Epithelial cells in the lower layers of human stiatified epithellum to slow prota 
plasmic bulges and tonofibills, (Photomicrogiaph copyrighted by Genet! Biological 
Supply Iouse, Chicago.) (Comfesy, Cole: “Testbook of Comparative Tistology,” Phitladel- 
phia, ‘The Blakiston Company.) 
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the arrangement of these cells in single or multiple lnyers (sitple or 
stratified), 


Simeie Eerrinc.ium } 

A simple epithelium is one in which the cells are arranged so chat 
they form a simple layer one cell thick. ‘The three types of simple 
epithelium are: squamous, cuboidal and columnar, 

SIMPLE. SQUAMOUS FPITITELTUM, This type of epithelium 
consists of thin, Nattencd, plate-like cells which, when separated [rom 
the other cells of the tissue, have a scalelike appearance, ‘The cells are 
closely set together, theiy edges being smooth or serrated as in’ the 
cells of the epitheloid tissues lining the pleural and peritoneal cavities, 
The outline of these cells can be best demonstrated by Weading with 
silver nitrate, since the silver is precipitated more heavily in’ the 
fluid intercellular substance than in the cells themselves. ‘he nuclei 
of cells of this type are oval when seen from above, When seen in 


site 
Fic. 10, Surface (ef) and profile Qight) views of shuple sqytunmous epithe: 


lian, (Courtesy, Stiles: “Uandbook of Microscopie Gharacterstign of "UTysues 
und Organs," Philadelphia, The Blikiston Gampainy.) 
' 
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profile, these cells appear as dain plates of protoplisin, die mid-portion 
where the nucleus is located forms a prominent bulge on the ree 
surface. Frequenuy in sections, the cells of this type of epithelium 
san be recognized only by the dark staining, bulging nuclei. 

Simple squamous epithelium is to be found in the capsule of the 
Malpighian bodies and the smaller loops of Henle in the kidney, 
and in the rete testis. 

Specialized types of epitheliallike tissues are found lining certain 
savities or spaces and vessels in the body, These specialized Ussues are 
mesothelium, endothelium, and mesenchymal epithelium, 

Mesornznium. Mesothelium is found lining the pleural, peritoneal, 
and pericardial cavities. Mesothelial cells are derived from the meso- 
derm and are related to primitive connective tissue cells develop- 
mentally, This tissue is formed of thin, flattened cells and is similar 
to simple squamous epithelium in tbat it presents a free surface and 
a surface which rests on subjacent tissues. It differs from other epi- 
thelial tissue in its origin and in the manner in which it is formed, 
Mesothclial cells are more or Jess diamond-shaped with serrated edges, 
‘Phe nuclei sre relatively small and centrally located. ‘In profile, the 
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cells are extremely thin and are identified by their bulging nuclei in 
stained sections, When mesothelium lining the body cavities is injured 
or destroyed, it is replaced by cells derived from the underlying con- 
nective tissue cells, Also, under proper stimuli, mesothelial cells can 
change into fibroblasts, 

Enporueniuna, Endothelium forms the lining of the entire vascular 
system (heart and blood vessels) and of the lymphatic vessels, Like the 
cells of mesothelium, these cells are derived from mesoderm, Endo- 





tion, 





Fie, 12. Endothelial cells Itning a blood vessel. 


thelial cells ave thin, flattened, relatively narrow, diamond-shaped cells. 
Their edges, however, are not as definitely serrated as those of the 
mesothelial cells, The nuclei are relatively smal] aud centrally located, 
Endothelium tndergocs replacement and repaiy only through division 
of other endothelial cells, However, like the cells of mesothelium, the 
endothelial cells can change into fibroblasts. 

Mrsenciiyaat Eprractium, To indicate ‘the tissue lining the 
chambers of the eye, the subarachnoid and subdural spaces, and the 
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perlymphatic spaces of the ear. the tens aiesencrynial or fealve ¢ ply 
theltian awe used, ‘Uhis Gssue, which is somewhat mere primitive in 
form than either mesothelium or cidotdieliaai, Consists also ot bin 
Hlattened, squamous shaped cells, Te should be remembered, however, 
thatalthough they are diflerently named, the morphological diller ences 
between these tissues are very slight, 

SIMPL. CUBOIDAL FPLETILIUAL Although nimy authors 
do not recognize the cuboidal type as a distinct form, it isa convenient 
team for indicating the epithelium which lines the smaller ducts in 
certain glands and which is to be seen in structines like the lollicles 
ol the thyroid gland. 


cy 
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Tx. 1S) Simple cuboidal epithehum trom kkkney, 





Cuboidal celly are cquiedimensional when seen in vertical secuion. 
and theb nudei ie spherical and located: in the cenhal portion ol 
the cell. Gells ob this type foun the epitheliimn which lines the smaller 
ducts of the silivary glands and the pancreas, the bile ducts in the 
portal cantly of the fiver, contin Cables of the kidney and the undis 
tended lollicles of the thyroid gland, Guboidal cells also appear in the 
basal row of most al the stratilied epithelia, 

SIMPLE COLUMNAR FPTTHVLIUM, Simple columnar epi- 
thelium is composed of Gill cells, the height of which is lrequenty 
several dimes their breadth. ‘Vhe nudei are oval in outline and are 
located in, or near, the basal portion of the cells. The cement subsiinee 
heuveen the cells is Irequently thickened at the aurlace, forming a 
structure between the fice surlaces of the cells known as a terminal bar. 
Ul acell has a striated oF a brush border or cilia, the terminal bars lie 
beneath these structures, 

The free surfaces of the columnar cells which form the epithelial 
lining of the alimentuy canal are provided with a thickened plate 
which, when seen in section, appears as the enficdar plate or striated 
borden, The laier name is due to the striated appearance of this plate, 
the striations being minute vertical perforations or channels, through 
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which extensions of the cytoplasm reach the surlace., In view of the 
materials with which the (ree surlaces of these cells come in contact, 
the protective character of the cuticdlar plate is evident, while the 
vertical channels may possibly allow tor an absorptive funcuon, ‘The 
{ree surlaces ol some cells are provided with delicate, hairlike processes 
known as cilia, Vhese cilia me not vestigial ssructnes but ae extiemely 
important modifications of the cells on which they occu, Chey ae 
surprisingly vigorous suuctives which persist and beat even under 
the most adverse conditions, “Two types ol cilia can be recognized: 
motile cilia, and nonmotile or stereacilia, 





Ky 14. Schematic representation of columnar celly showing two morphological 
modilications. (f eff) Sunple columnar cells at leCe show cutictar border; calls at ght 
are diated (tight) Pscudostiatified columnar cells showing cia, (Comicsy, dttes 
"Handbook of Miaoscopic Characteristics of ‘Tivsues and Oigans,"” Philadelphia, 
‘Lhe Blakiston Company.) 





Jue. 15. ‘Lall columnar epithelium fiom the intestine, 
Vertical section, 


Morite Cia, Motile cilia are delicate, hairlike protoplasmic 
processes which have the capacity for moving to and fra, the move- 
ment being stronger in one direction than in the other, At the point 
of atuachment of the cilia to the cell, small, deeply staining, granular 
bodies are lound within the cytoplasin of the cell, close to the cell 
membrane. These strucioies are known as basal bodies and in appear- 
ance they closely resemble a centrosonie, Phe bodies are believed to 
have a delinite relation to the ciliary movement. From these basal 
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bodies, rootlets extend through the cytoplasm of the apie portion af 
the cell and end in the region of the nucleus, ‘hese rogdets ate thought 
to be the means by which impulses are Wansmiued to all of the cilia 
of a single cell simultaneously, Structurally cilin do not show any 
differentiation of their protoplasm even when examined with polarlved 
light, IJowever, they vary in size and the rate at which they heat, 
depending primarily on their location. In man, the cilia in the nasal 
cavity are abow 7 microns long and less chan 8 microns wide. ‘They 
wre found only on moist surfaces, (In the nose, under conditions al 
excessive ventilation the cilia are Lost.) 

All cilia do not beat at the same time, but their action proceeds 
ina wave-like motion over the surface ol the ussue, By this movement 
(he cilia create currents in the fluids which bathe them, Since the flaw 
is always Loward the surlace of the body, the cilia assist in the removal 
of particulate matter or small bodies from the ducts or tubes in whieh 
they are located. Un che baman, the frequency with which the cilia 
beat varics with temperature, moisture and. the viscosity of the mucus 
covering them, ‘The speed with which the cilia beat is not uniform 
even within a single organ such as the nasal cavity, but is faster where 
they ave in a more protected region (recesses ol meatuses), ‘The speed 
ol the streams produced by ciliary activity has been estimated to vary 
from .25 em. to 75 cm, per minute, At 80° G, the cilia beat at the rue 
ol 8-12 beats per secone, 

Giliated epithelium is to be 
found in the nasal cavity, the 
trachea, the bronchi, the merus 
and oviducts, the efferent ducts 
of the testis, the vas deferens and 
in the spaces of the brain and 
spinal cord, 

NONMOULE OR STERKOGILIAK 
The columnar cells found in the 





KACO Ral sant epididymis have long, nonmotile 
Fie. 16, Ciliated epttheltal cells from the Cilia on their free surfaces, These 
vosplmtary tract. long hairlike cilia cling together 


at their distal tips and look not 

unlike a paint brush that has been moistened and “pointed up." These 

nonmotile cilia are thought to be related to the elimination of the 
secretion of the cells, 

PSEUDOSTRATIFIED GOLUMNAR EPITHELIUM. Pseudo- 

stratified epithelium is a simple columnar epithelium in which the 

torm and position of the cells has been altered by compression, with 
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the result that the nuclei are so arranged that the tissue has the 
appearance of a stiatilied epithelium when seen in sections, In this 
type of epithelium the greater number of cells are tall and nanow 
and extend from the basement membrane to the free surlace, Beawee 
these are numerous cells which rest on the basement membrane and 
which extend Jor va arying distances toward, but do not reach, the free 
surface, In other words the prime requisite of this type of epithelium 
is that every cell must reach the basement membrane, thus this epi- 
thelium can only be as thick as the height of the tallest cell, The nuclei 
of the tall columnar cells are oval, while those of the shorter cells are 
spherical, The columnar cells which reach the [ree surface are always 
provided with cilia (cilia or stercocilia). 

Pseuclostratified columnar epithelium forms the lining of the greater 
part of the respiratory (act, especially the trachea and the larger bron- 
chi, the Fustachian tube, the epididymis and the vas deferens, 


Straten Eprrie.ium 

Stratified epithelial tissues are formed by the arrangement of the 
cells in two or more layers, the layers being superimposed one Upon 
the other in an arrangement which closely resembles the manner in 
which bricks are laid in rows, one upon the other, in a wall, 

Two principal types of stratified epithelium are recognized, each 
type being designated according to the kind of cells which form its 
surlace layer, They are: stratified squamous epithelium, the surlace 
cells of which are thin and scalelike; and stratified columnar epithelium, 
the surface layer of which consists of tall columnar cells, A third type 
of stratified epithelium, not designated according to the Jorm of the 
cells which lorm its superficial layer, is known as lransilional epi- 
thelium. 

STRATIFIED SQUAMOUS EPITHELIUM. Stratificd squafons 
epithelium consists of many layers of cells, The basal row is madeeup 
of a layer of cuboidal, or low columnar, cells which rest on the base- 
ment membrane, They are characterized by a soft, granular cytoplasm 
which shows considerable affinity for the basic dyes. Their nuclei are 
spherical and are centrally placed in the cells, The next few succeeding 
rows consist of polygonal cells which do not lie close together, but are 
separated by narrow spaces containing lymph. These spaces are crossed 
by protoplasmic bridges by means of which the cells (prickle cells) are 
joined to one another. The cells nearer the surface of the epithelium 
are more flattened, and as a result of mutual pressure, assume a fusi- 
form shape. The loss of the granular appearance of the protoplasm 
and dimming of the nuclei of these cells, indicate that certain degen- 
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Fro. 17, Stuuited aquinuous epitheliam from Tdi of exepliagus, 


erative changes lake place in the cells as they approdch the surface, 
The cells of the superficial layers become hard through the develop: 
ment ol a substance known as keratin, The cells at the suilace ure thin 
and scalelike. 

As the cells at the surface of the epithelians fall off or are removed 
by hriction (desquantated), they are replaced by cells whith are being 
more or less continually formed in the ower layers of the epithelinnr 
and pushed up trom below. Mitotic figures in the cells of the deeper 
portion of the epitheliim indicate the layers in which vew cells are 
being formed. ‘Phis area of cell proliferation is called the stratum 
germination, 

‘The deep surlace of a stratified squamous cpithelium is renclered 
irregular by the upward projection of moundlike or tmgeilike eleva: 
tions of the subepithelial tissue, Chese elevations are known as papillae. 
An epithelium is said to be papillated when the basal line presents 
irregularities farmed in this way. ‘The penetration of the deep surface 
ol the epithelium hy papillae serves to establish a more adequate sup- 
ply of blood and lymph vessels to the tissue, and it also enables the end 
sense organs to approach nearer the surface, “The number and depth 
of penetration of the papillae may be taken as an indicator of the 
sensilivity of the epithelium, 

The papillated basal portion of a stratified squamous epithelium 
helps to distinguish it from a transidonal epithelium when the latter 
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has been so stretched that its superficial cells have assumed a fhattened, 
squamous appearance, 

Stratified squamous epithelium founs the epidermal layer of the 
skin, the lining of die mouth, pharyns wid esophagus, the conjanetiva 
of the eye, the liniag of the external auditory canal; and it also lines 
the vagina and portions of both the mate and female urethra, 

STRATIFIED COLUMNAR FPYTEHIELIUM. In most ol the 
localities in which a stratified columnar epithelium was supposed to 
exist, more refined techniques have shown the tissue to be pseucostrati- 
fied. "This is especially the case with the epithelium lining the tachea 
and larger bronchi, There are, however, many areas in these structures 
where stratified columnar epithelium appears to alternate with the 
pscudostratified type. In some instances the entire lining of the trachea, 
and possibly of the larger bronchi, is very thick and appears to be true 
stratified columnar epithelium. 

There seems to be a general agreement thal the membranous 
urethra of the male is lined with stratified columnar epithelium. 

TRANSITIONAL EPITITELIUM, Transitional epithelium is a 
form of stratified epithelium which lines the renal pelvis, the ureter, 
the urinary bladder and the first part of the urethra in both the male 
and the female, 
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Me. 18. Cansitional epithelium fiom the usinary bladder 


It consists of four to six rows of cells. those of the basal row being 
cubsidal in lori, ‘The intermediate rows consist of simall, polygonal 
cells, while the superficial cells are more or less cuboidal, their deep 
surfaces being indented to receive the upper, rounded portions of the 
pear-shaped cells (balloon cells) on which they rest. 
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Lie 19. Goblet cells in Intestinal cpithelium ag geen with all Immersion. Photomicrogiaph, 


“Unlike the cells of stratified squamous epithelia, the protoplasm 
ol all the cells ol a transitional epithelium appears to be soft ane gran- 
war and, hence, yielding. This enables these cells to change Cheir form 
when the organs they line become distended, When clistention occurs, 
the cells of the lower layers became compressed and smaller, while che 
cells of the upper layers ave clongated and flattened and tend to overs 
Jap one another, In this condition the tissue resembles a thin stratified 
squamous epithelium, . 


Movrrrca tions oF Evirin.tan Geis ‘to PERFORM 
Stcretory FUNCTIONS 


GLANDULAR EPUPHELIUM. The cells which form the lining 
of glandular structures constitute the glandular epithelia, and are 
merely extensions of an epithelial tissue which has assumed a secretory 
function. 

With few exceptions the glands are derived from one or another 
of the different epithelial tissues. The cells of the epithelium form 
structures which may persist as simple Lubular invaginations (simple 
tubular glands), or the tubes may be extensively branched to form a 
system ot ducts which end in tubular (alveoli) or saccular (acini) secret- 
ing bodies."These uo structures, ducts and secreting endpieces, with 
their supporting connective tissue, form the gland, 
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Glandular epithelium will be discussed in luther detail in the 
section dealing with glands as organs, 


SUMMARY 


DEFINITION; Fpithelia ave those tissues which cover the surlace 
of the body, or line cavities or tubular structures which communicate 
directly or indirectly with the surface of the body, These tissues always 
present a free and an attached surface, 


COMPOSITION: 1. Closely arranged layer or layers of cells 
2. Cement substance 


METHOD OF CLASSIFICATION: 1, Arrangement of cells 

a, Simple epithelinm— 
cells in a single layer. 

b. Stratified epithelium 
—twvo or more layers of 
cells, 

2. Shape of the cells 

a, Squamous 

b. Cuboidal 

¢, Columnar 


NOTE: The identification of cells in a stratified epithelium is made 
by determining the shape of the cells in the free or outer Jayer. 

EPLYPHELOID TISSUES; Those tissues which resemble epithelial 
tissucs: 

1, Mesothelium—tissuc derived from mesoderm, It forms the lining 
of the pleural and peritoneal cavities, 

2. Endothelium—tissue derived from mesoderm. It forms the lining 
of the vascular and lymphatic vessels, and thé heait. 

8. Mesenchymal epithelium—an epitheloid tissue derived from mes- 
enchyme. It lines the perilymphatic spaces in the inner car, chambers 
of the eye, subdural and subarachnoid spaces. 


NOTE: Pseudostratified epithelium is a simple epithelium which 
appears to be stratified because of the arrangement ol the cells. 

The primary requisite of a pseudostratified epithelium is that all of 
the cells sts touch the basement membrane, 
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Connective Tissues (Fibrous Tissues) 


Another fundamental group of tissues [ound throughout the body 
is known as connective tissues, As the name implies, the primary pur- 
pose of these tissues is to furnish support and form the framework lor 
various organs and for the body as a whole. They also bind together 
the parts of organs, 

These tissues also serve other functions, The histiocytes (connective 
tissue cells) aid in the defense against microdrganisms that gain entrance 
10 the body, and they also dispose ol dying and disintegrating cellular 
elements of the body. The loose connective tissue furnishes cells lor 
regeneration of any of the connective tissues which may be injured or 
damaged. 

It is characteristic of connective tissues, however, that their primary 
functional purpose is served by their nonliving elements or fibers, 

rather than by their living or cellular elements. Therefore, in all of 
the connective tissues‘the fibrous clements predomiinate, rather than 
the cellular clements, 

All connective tissues have three characteristics or elements in com- 
mon, They are composed of: (1) cells, (2) fibers, and (3) an intercellular 
grownd-substance or matrix, Moreover, they all originate {rom mesen- 
chyme, except the reticulum of the thymus, which is derived in part at 
least from the endoderm. In certain other characteristics, the connec- 
live tissues differ widely from one another, 

As compared with epithelium, the cells (fibroblasts: fibrocytes) of 
connective tissue appear scattered and widely separated from one an- 
other. The extent of the separation is dependent on the kind and age 
of the connective tissue, The cells are more numerous in the younger 
connective lissucs than in those which have attained their mature state. 

The cells are bathed or float in an intercellular substance or matrix 
which varies greatly in consistency. In some connec tive tissues, the 
matrix is fluid (fibrous connective tissues), il is firm and resilient in 

cartilage, and in bone it is dense and hard, ‘ 
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Fibers are also found between the cells and embedded in die nurix, 
Three kinds of fibers are found in connective Ussue: (1) reticular fibers, 
which ¢losely resemble collagenous fibers, (2) collagenous ar white 
fibers, and (3) elastic or yellow fibers, All three fibers are present in all 
connective tissue; however, the proportion of one hind to the other 
two varies in each tissue, and the tissue will ake Ue name of the pre. 
dominating fiber or Sibers (example: reticular connective Ussue, or 
collagenous connective tissue). 

Connective tissues may be classilied in the fallaying manner: 

A. Mesenchyme-gives rise to all connective tissues 

1, Connective tissues proper 
(a) Embryonat 
(b) Reticnlar 
(c). Fibrous 
(1) Areolar (fibro-clastic) 
(2) Dense fibrous (tendon) 
(8) Elastic (ligamentum nuchae) 
(ad) Adipose 
2 Cartilage | 
(a) Hyaline 
(b) Elastic 
(c) Fibrous 
§ Bone 


- MESENCHYME 


Mesenchyme is found in carly embryos between the outer epithelial 
layer and the deeper structures derived from the ectoderm and endo. 
derm, Although mesenchyme is derived mainly from the mesoderm, 
some embryologists claim that in one or two specific areas some of its 
cells may have an ectodermal or endodermal origin, 

Mesenchyme consists of a delicate network of stellate-shaped cells 
with branching protoplasinic processes which appear to unite with one 
another, Ffowever, the work of Lewis (1922) offers an experimental 
basis for the belief that these processes nerely adhere to one anather 
at the points of contact, without definite continuity of the protoplasm 
of one cell with that of another. The cytoplasm of these cells is scanty 
and finely granular, the nucleus is large, round or oval, and occupies 
nearly the entire body of the cell. It is enveloped by a delicate nuclear 
membrane and contains only a few small granular masses of chromatin, 
The meshes of the cellular network are occupied by a homogeneous 
fluid substance or matrix, 7 

Mesenchyme gives origin to all of the different orms of adult con- 
nective tissue, the muscular Ussues, the endothelial ning of the blood 
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, Sixth week (9 mm.) 

Fo. 20. Drawings showing mesenchymal tissue In human embryos in two stages of 
development, (Cointesy, Patten: “Human Embryology,” Philadelphia, The Blakiston 
Company.) . 





and lymph vessels, and (he cells from which are derived the formed 
elements of the blood, lymph, and the bone marrow, 

Mesenchyme begins to assume the definite form of a connective 
tissue in the later stages of embryonic development. In this process, 
the mesenchymal cells become larger by an increase in the amount of 
their cytoplasm; there is a complete or partial retraction of their proc: 
esses which resulis in the cells assuming an irregular outline; and they 
become more widely separated with the more rapid growth of the 
embryo, Except for their increase in size and the loss of their connec- 
tions with one another, the cells still closely resemble those of the 
original mesenchyine, 

The principal change in the character of the tissue is in the appear- 
ance of numerous delicate fibers (fibrillae) which are interwoven in all 
directions in the matrix. The collagenous fibers are the first to appear, 
followed later by the clastic fibers, According to the age of the embryo 
these fibers may be single, or they may be united in the form of small 
fiber bundles in the older embryos, 
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Empryonat, CONNECTIVE Tissur, 


The tissue which forms the umbilical cord, the dental pulp, and 
the vitreous body of the eye closely resembles the ace ei lype of 
connective tissue. It is, in fact, the persistence of the embryonic form 
of connective tissue in the adult body. Tissues of this kind are often 
referred to as embryonal connective tissues to distinguish them from 
the tissue found in the embryo and fetus. 

The connective tissue cells in the umbilical cord are elongated and 
irregular in outline (stellate or spindie-shaped). They retain, neverthe- 
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less, many of the chanacteristics al the mesenchymal cells trom which 
they are derived. Che cytoplasm is dear or finely granular and extends 
liom the cell body mn long, slender protoplasmic processes which ave 
in contact with similar processes hom other cells. Phe uucleus is large, 
oval in shape, and contains numerous fine chuomatin gumules, When 
treated with the proper stain (phosphotungsdic acid henmtoxylin), deli- 
cate fibrils (border fbyils: fbrogliay may be seen extending along (he 
borders of the cell into the processes, Tlowever, even will the use of 
appropuate staining methods, these ftbreglia or border thrils have not 
been demonstitted consistently; (terglore, they ave considered: by same 
histologists lo be artefacts. 

© The extremely delicate fibers in the matrix are of the white or 
collagenous type. “They are arranged in groups to lo wavy fiber 
Dundles which are located in the wide interceldar spaces. ‘The inei- 
vidual hbes de not branch, but fibers or small fiber bundles may pass 
from one bundle (o another, 

The principal diflerence between enn yonal tissue, as it appewis 
in the umbilicth cord, and the embryonic type of connective tissue, 
is the character of the matrix. In the umbilical cord (and also in dhe 
vitreous body of the eye) the matrix contains a mucoid substance which 
gives it a gelatinous consistency (Vharton's jelly) “‘Vissues in which 
a large amount of this substance (mucoprofein) is present in the matrix 
ure known as mucoid connective tissues, 

The cells of the dental pulp. with their branching processes, are 
more nearly like those of the original mesenchyme than are those of 
the other embryonal tissnes, Moreover, the matrix is (uid and delicate; 
single fibrils extend through it in all directions, 
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Reticular tissne consists of a meshwork (redicutaia) formed by the 
cells and their processes, and a delicate fibrillar network. These delicate 
fibers stain elec tively when treated with silver stains, for which reason 
they are known as argyrophil fibers, These reticular fibers are non- 
elastic, branched and joined together to Jorm a loose nctwork, The cells 
and fibers are bathed in fluid which forms the matrix of the tissue. 

The reticular cells are quite primitive and appear co be only slightly 
differentiated [rom mesenchymal cells which they closely resemble, The 
cells are stellate in lorm with a light-colored, finely granular cytoplasm. 
The processes ol the cells extend in various directions and frequently 
join with similar processes [rom neighboring cells. Ln some cases the 
protoplasinic processes ate in clase association wid the reticwar bers, 
either closely applied to the fibers or encircling them. 1 is # question 
whether the fibers are extracellular, merely being in close contact with 
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the cells, or whether they are intracellular, being in the cytoplasm at 
the periphery of the reticular cells. 

The functional ctpacity and potentiality of reticular cells is varied. 
‘Two major functions can be atuibuted to then, First, they show 
definite phagocytic power as indicated by their ability to ingest certain 
vital dyes, When living animals are injected with coloring matter such 
as Itthium carbonate, trypan blue, or dilute India ink in which the 
particles are in a finely divided state, the particles are found after a 
lime lo be taken up by the cytoplasm of the reticular cells. Cells of this 





Tic, 21, Reticular connective tissue, (a) Reticulay cells. 
(b) Reticulat fibers, (Rechawn hom Schifer, after Mel 
denhain,) 


kind are known as fixed macrophages. Under certain conditions the 
cells may lose their connection with the reticulum and float away in 
the Ussue Nuid, they are then known as wandering cells, or true macro- 
phages (see reticulo-endothelial system, p, 58)% Secondly, to reticular 
cells has been ascribed the capacity for giving rise 10 certain other types 
of cells of the blood and connective tissues. 

‘The fibers of reticular tissue are closely related to collagenous 
fibers, When reticular fibers are traced into the bundles of collagenous 
fibers with which they are associated, they continue along with the 
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fibers of the collagenous bundles, tt seems highly probable that the 
avgyrophilic reaction is a characteristic of callageniouts fibers hetare 
they attain the mature condition. ‘This is not only indicated by the 
primitive character of the cells with which they are associated, but by 
their distribution as well, 

Reticular tissue forms the framework of the lymphaid organs, liver, 
and bone marrow, and is the principal subepithelial Ussue of the, 
mucosa of the alimentary canal, Tt is also found in (he stroma of the 
Jungs, kidneys, and many other organs, Where rede ube tissite formy 
the support of lymph organs and in the mucosa of the alimentary tract, 
even though the cells and fibers cannot be distinguished in ordinary 
preparations, its presence is indicated by the lymphocytes which ire 
held in its meshes. ‘The lymphocytes can be recognized by their deeply 
stained nuclei, about which the cytoplasm is seen as an extremely bin 
border. 

Finrous Connecriva "Tissur 


The distinctive characteristic of fibrous connective cusses is the 
abundance of the fibers which are arranged in fiber bundles for the 
most part, and among which the connective tissue cells (fbroblasts, 
fibrocytes) appear at irregular intervals. The matrix (lissue finid) isa 
fluid substanee which fills the spaces between the fiber Iundles and 
bathes the cells and fibers. 

1, CELLS OF CONNECTIVE TI8sUE. The following cell types are recog. 
nized as being usually present in the fibrous connective tissues: fixed 
connective tissue cells or fibroblasts, histiocytes or clasmatocytes, mast 
cells, plasma cells, pigment cells, and wandering cells which are similar 
to the lymphocytes, eosinophils, and neutrophilic leucocytes found in 
the blood stream, 

a. Fibroblasts. The term fibroblast (which is being replaced ‘by the 
more accurately descriptive term ftbrocyte) is applied to the cells which 
are regarded as specifically belonging (o the connective (issues. They are 
large cells, irregularly stellate in form, having a number of processes, 
They are usually flattened and occupy the narrow spaces between the 
fiber bundles. Because of their extreme thinness, the colorless and 
almost nongranular character of their cytoplasm, they can be distin- 
guished only with difficulty in ordinary preparations, Their large, oval 
nuclei are enclosed by a delicate nuclear membrane and contain a few 
fine, granular particle# of chromatin, When scen in side view, these 
nuclei are narrow and rodlike, In most preparations only the nuclei of 
these cells are visible. 

Because they do not present a constant outline, fibroblasts are 
classed as amorphous cells; the differences in form being due to a slow 
protrusion and relraction of their protoplasmic processes in the living 
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© 
Tha, 22. Fibers and celts in areolat connective dssue. (0) Bundies of collagenous fibets, 
(h) Blase bers, (©) Fibroblasts, («l) Histiacytes, (e) Plasma cells. (f) Eosinaphils, (Re 
dyawn fom Masimow,) 


slate, Fibroblasts which are about to undergo mitotic division assume 
a spherical shape, returning to their usual form after the division has 
been accomplished, 

Functionally, fibroblasts serve as the essential elements in the re- 
generation of connective tissue. There seems to he little doubt that 
fibroblasts are related in some way to the formation of the fibers of 
connective tissues, Although a great deal of attention has been given 
to the activities of these cells, the exact nature of this relationship is 
still uncertain. There are two leading theories as to how the formation 
of the fibers is brought about: first, that the fibroblasts produce a sub- 
stance which precipitates in the matrix in the form of fibers; second, 
that the substances of which the fibers are formed are already present 
in the matrix and are made to precipitate into the form of fibers by a 
substance which passes into the matrix from the cells. 

b. Histiocytes, In addition to the fixed cells there are many [ree or 
wandering cells which are found in the fluid matrix of the fibrous tis- 
sues. OF these the: histiocyles are the most abundant, They are large, 
irregularly shaped cells with short protoplasmic processes, In living 
‘cells, these processes are slowly protruded and retracted. Histiocytes 
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can be distinguished rom fimoablasts by their more deeply staining 
and more extensively vacuolated cytoplasm and thei smalter oval ot 
kidney-shaped nuclei which possess, a somewhat coaser nuclear menr 
brane, The nuclei also contain a number of coarser chromatin granules. 

When solutions containing finely divided particles are injected inte 
experimental animals, later investigation reveals that a considerable 
number of these particles are lodged in the cytoplasm of the histiocytes. 
On the other hand, the cytoplism of the fibroblasts is found to contain 
only a lew, if any, of the particles. ‘This provides a positive means of 
identifying these cells, Because of the capacity ol the histiocytes for this 
phagocyticraction, they are classed with the group of cells known as 
macrophages. 

Cells which do not belong specifically to the connective Lissue are 
known as wandering cells. Tistiocytes which have become attached to 
the connective tissue fibers me said to be resting wandering cells, When 
they assume a spherical form and float away in the tissue fluids, they 
are known as drue wandering cells. 

Tistiocytes are stimulated to an intense phagocytic activily by cer 
tain conditions, especially those associated with inflammation, They are 
important elements of the reticulo-endothelial system which will be 
discussed later, 

c, Alast Cells, Mast cells ave large, round or oval cells which present 
an irregular outline due to short protoplasmic processes whieh may 
project Lrom the cell body, ‘Chey contain small, round, or oval, pale- 
staining nuclei which are more or less hidden by the coarse basophilic 
granules which fll the cytoplasm, Although these cells are capable of 
slow amebaid movements, they are not known to be phagocytic. They 
accur in the loose connective tissues and Lrequendy ave grouped about 
blood vessels, especially in regions where fat cells are located; far this 
reason tbey are thought, by some investigators, to be active in the 
formation of fal. Actually, however, their origin or function is not 
delinitely known. Recently it has been sugested that these cells ate 
related to heparin formation, These mast cells of the connective tissues 
hear a close resemblance to the basophilic leucocytes of the blood, 

d, Plasma Cells, Plasma cells occur rarely in ordinary connective 
tissue, They are, however, more abundant in lymphatia issue (mucous 
membrane of the alimentary tract) and in the serous membrane of the 
omenta, Their size is variable ancl their shape is round or oval, The 
cytoplasm is homogenous and stains deeply basophilic with the excep: 
tion of an area near the nucleus which is nearly colorless."The cyto- 
plasm often contains vacuoles. The nuclei, which are eccentrically 
placed, are small, round and contain triangular masses of chromatin 
which vest with their bases against the nuclear membrane giving a 
typical “cartwheel” appearance. The chromatin masses may also as- 
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sume what is known asa “checkerboard” arrangement. ‘These cells are 
derived from lymphocytes. When these cells begin Co degenerate, large 
choplets of acidophilic material foun in the cytoplasm, Vhesd droplets 
are set free with the disintegration of the cell anc) remain in the con 
nective tissues as Ruswell's bodies. Vheir tunction is not known, 

ce. Pigment Gells, “These cells are most frequently found in the 
dense areolar tissue which Hes immediately beneath the epidermis ol 
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with hematosvlin-costeacire. (000 X.) Bottom) Stained supoasitdl with uengal red, 
(800 X.) (AAML) (Courtesy, Masimow and Bluom: “A ‘Textbook al Uistology,” Ath eth, 
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the skin, in the connective tissues associated with parts of the brain, 
the upper pordion ol, the spinal cord, and in the pigmented portions 
of the eye, These cells are small and clongated with short, irregular 
processes, They contain pigment in the form ol dark colored granules 
known as melanin, ‘These are highly specialized cells which arise from 
mesenchymal cells. 

f, Wandering Cells: Lyinphocytes, Kosinophils, and Neutrophils, 
Cells of the blood and Jymph stream frequently wander in among the 
connective tssug elements, Che lymphocytes appear as round, deeply 
staining nuclei surrounded by an almost negligible amount of lightly 
staining cytoplasm, They occur frequently in the connective Usstes 
where they appear Lo be associated with plasma cells, With an increase 
in the amount of their cytoplasm they may assume phagocytic prop- 
erties, Hostnophils are large cells with light staining, bi-lobed nuclei. 
They are recognized by the coarse, acidophilic staining granules which 
fill their cytoplasm. Vhe neutrophils ave also large round cells with 
pale, irregularly shaped nuclei. Their cytoplasm is filled with fine 
granules which stain a violet or purple color. They may be actively 
phagocytic, 

2, FIMERS OF CONNEGTIVE Tissues, The fibers of connective Lissues 
are: while or collagenous, yellow ov elastic, and reticular. In fibrous 
connective (issues the first wo predominate. 

a, White or Gollagenous Fibers. ‘The fibers of white or collagenous 
connective tissues are extremely fine and delicate. They are hound 
together by small amounts of cement substance in bundles which vary 
considerably in size, the fibers lying parallel to one another, and fol- 
lowing a wavy course in the bundle, This gives the bundle the appear. 
ance of being longitudinally striated, (Some authors refer to the fibers 
as fibrillae and to the fiber bundles as frbers.) The fibers do not branch, 
however, individual fibers, or small bundles of fibers, may leave the 
fiber bundle and continue independently, or they may join neighbor 
ing bundles, This may give the appearance of branching, Collagenous 
fibers are only slightly elastic; for this reason they form the principal 
constituent of connective Ussue structures which are subjected to a 
considerable amount of tension, such as capsules, ligaments and ten. 
dons, Since they do not relract transmitted light, they appear dark in 
untreated sections, 

When treated with boiling water, collagenous fibers yield a sub- 
stance known as collagen; the substance from which gelatin is derived. 
When dilute acids and alkalies are applied Lo the fiber bundles, they 
swell and break up into their constituent fibers. This is probably due 
to the dissolving of the cement substance by which the fibers are bound 
together in the bundle, They are digested by the gastric juices, but 
are not affected by the trypsin-containing pancreatic secretion, 
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b. Yellow or Hlastic Fibers. Mastic fibers ave larger than collagenous 
fibers and are not arranged in bundles. Whe fibers branch freely and 
anastomose with one another ‘to form irregularly, meshed networks. 
The fibers are highly clastic aud when they are pulled apart in teased 
preparations their broken ends become characteristically curled, Unlike 
collagenous fibers, they are highly refractive and appear as. bright, 
iMuminated lines in unstained tissues, Elastic fibers are easily extended 
when subjected to strain, but return to their normal state when the 
tension is released, This is also true of tissues in which elastic libers 
are abundant, 

Klastic fibers contain a substance known as elastin, They are not 
allected by boiling, nor by the action of dilute acids and alkalies, They 
are not altered by the action of the gastric juices, but are reaclily 
digested by the pancreatic secretion, 

c Reticulay Fibers, Since reticular fibers do not stain well with 
ordinary stains, their presence asa part of the general connective tissues 
of the body has not been recognized. However, with the use of silver 
stains in studying the tissucs and organs of the body more completely, 
the wide distribution of reticular tissue becomes apparent. Reticular 
fibers are found closely interwoven around epithelial cells in glandular 
organs, throughout the substance of the liver and closely applied to" 
the individual muscle cells. Tn all of these areas the reticular fibers 
are in intimate relation with collagenous fibers and many of the 
revicular fibers are seen to be directly continuous with collagenous 
fibers. Tn those Cissucs and organs where the reticular tissue predom- 
inates and forms the stroma (lymphoid organs and the tunica propria 
of the alimentary tract), the cells and fibers are in close relation with 
one another; the processes of the cells often entwining about the fibers. 

Reticular fibers are extremely fine and branch and anastomose to 
form a delicate network of fibers, They appear to be undeveloped 
collagenous fibers, They are dissolved by dilute acids and alkalies. 
When treated with boiling water, these fibers do not yield gelatin, but 
a substance known as reticulin, 

8. MATRIX OF CONNECTIVE TIssur. The matrix of fibrous connective 
tissue is relatively scanty in amount. It is clear and varies in density 
from a watery fluid to a jellylike substance which is coagulated by 
certain agents. Chis ttuid bathes the cells and fibers of the connective 
tissue and across this chin film of fluid must pass the fond and waste 
procucts of the cells, Within it move the wandering cells and the histio- 
cytes of connective tissue that protect the body against harmful foreign 
substances, : 

Since the relative proportion of these different constituents varies 
considerably, and in some instances the arrangement ol libers Hkewise 
differs, it is customary to subdivide further the fibrous connective tis. 


fat GONNEGCTIVI TEISSUERS (FIBROUS TISSUPFS) 








Meo 8h hitic connecdive tise (ligamtentian niche) dengindinst secdan. Che 
nuded af dome ehisde Ussie ane mare ntaneons and clover together than the tneded af 
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of tendon, Photamioogniph, 
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sues for classification and study inte; areola (loose and dense), dense 
fibrous connective tissue (tendon), and elastic connective tissue, 

ARELOLAR (FIBRO-FLAS PIC) CONNECTIVE ‘TISSUE, Arcolar 
tissue is the most widely distributed tisve in the body. Tt consists ol 
cells, a fhiid or semifluid matrix and both collagenous and clastic fibers. 
which interlace in all directions, Spaces (areolee) of varying size occur 
between the fiber bundles. 

Dense Arvo dr. ‘The fiber bendles are closely interwoven, as in the 
Ussue which underlies the epidermis of the skin, : ) 

Loosn Arrow ar, ‘The fiber bundles are more loosely arranged to 
form a solt, yielding (issue. It is found beneath the skin, which it con- 
nects with the underlying structures (fla subcutaned), Te surrounds and 
supports the blood vessels and nerves; it also surrounds the various 
organs and aids in attaching them to adjacent structures. In the form 
of septa, it provides the pathways by which the blood vessels and nerves 
pass lo their terminal distributions in the organs. 
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Bie. 20, Gross section of tendon humdles more highly magnitied. Drawn fiom a section, 
(i'n) Nudei of tendon cells qvlnded nuclei), (Pt) Primary tendon bundles. (tb) 
Secondary tendon buudles, (Cts) Septt of connective tine separating dhe secandias 
bundles, (Bly) Blood vessels dollawing the seput 
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DENSE FIBROUS CONNFOTTIVE PISSUR (EENDON). ‘Phis 
tissue is characterized by closely packed fibers, predominately col- 
lagenous, with clastic fibers being either absent entiely or present in 
very small quantity, and by having great tensile saength with prac. 
tically no stretch, Chis tissue occurs in capsules, ligaments, aponeroses 
and tendons. The tendon provides the best example lor study, 

In tendons the fiber bundles consist of numerous thers hound to- 
gether by a cementing substance (lendontcold) Phe fiber bundles lie 
parallel to one another, the fibers pursuing a wavy course in the 





We. 27. Cross section al a tendon, (la) Lendon sheath (external peritcnedineun), 
(9th) Secondary tendon bunelies CAN) Road vessels. (Ge) Connective tivtie septa (in 
ternal petitendineum) sineunding the tendon bundle, (Alter Sobetta) 


bundles, ‘The tendon cells lie between the tber bundles, by which 
they are compressed into flattened, protoplasmic plates which have a 
tendency lo fol around the bundfes. When the tendon is seen in cross 
section, the cells appear to have winglike processes which extend be- 
tween the {ther bundles, 

When the cross section of a tendon is examined, it is seen to he 
enclosed by an outer covering of closely interwoven collagenous and 
clastic {thers (ewemal poitendinaen) “Chis laye of fibrous tissue 
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forms the tendon sheath (vagina frbresa), In some cases a cavity is 
lormed by the splitting of the sheath into outer and inner layers, the 
space between these layers being fled with a Mnid containing a mucoid 
substance. ‘his is known as a mucons sheath (oagina maucose) and it 
provides lor Lree movement of the tendon within its sheath, Connective 
tissue sepia extend fiom the external peritendineum into the tendon 
(internal peritendineum), and divides it into secondary and tertiary 
bundles, 

The fibers of the connective tissue sheaths which suriound the 
muscles (fascias), and which form capsules, ligaments and aponeuroses, 
are arranged in much the same way as in the tendons, with the excep- 
tion that, while the fibers of a single layer ac parallel, the layers fre- 
quently cross one another at right angles, ‘This is especially the case in 
aponcuroses, Elastic fibers are practically absent from tendons, but 
may be present in other forms of dense fibrous tissue, 

ELASTIC TISSUE, Elastic fibers are seldom found forming a pure 
tissue, but in a number of places in the body, clastic fibers predom- 
inate, Examples are the wall of the aorta and smaller arteries where 
the clastic fibers form the so-called fenestrated membrane of the wall, 
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Tie. 28, Longitudinal section of tendon. (a) Primary bundles or bundles of tendon 
fibers. (hb) Seconehty bundles er tendon dasclcull, () Tnterfusdcular connective ussne, (a) 
Nuciei of tendon cells, 


ho CONNLGTIPE TISSUPS (ETBROUS FISSUTS) 





Fat cell 


Commnecteye 
Hanie 
trace 


Jiu. 20. Adipoe tisue with conmecdive caine fabcculi, Stained with sflvar mithite, Photo 
nucragn hy 


' 
They are present in quantity alsa in the trachea and bronchi. ln gen 
cial, ligaments show a predominance of clastic fthers. The ligamentum 
nuchae ol the ox is almost pure elastic tissue and Jorms an excellent 
material lor study. 

The fibers in this ligament are in parallel amangement and are 
quite conse. Loose connective tissue surrounds the entire ligament 
and sends septa down to divide it into relatively luge segments, This 
connective tissue futher divides to enclose even the individual clastic 
lthers in delicate sheaths, 


Anptrosr ‘lissun 


Any of the cells of connective tissue may assume the special frune- 
tion af storing fat. hese fat cells may exist singly or in mass, but 
when they occur in lage numbers, it is customary to refer to Uhem as 
adipose tissue, Adipose (issue occurs in connection with loose are- 
olar tissue, Tt forms a layer in the subcutaneous connective tissue 
of the skin, (he thickness depending on the nutritive stace of the indi. * 
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Fro, 80. Fat cells under high magnification One cell shows the nuclews and sinall 
amount of cylaplasor crowded to one side of the cell The fat hay heen dissolved out 
leaving the dear cinpty spaces, Stamed with silver muate Photomiaoguph 


vidual. This tissue also forms a cushion around the kidney, in’ the 
Juriows ol the heart, in the bone manow, and in the mesenteries, 
Unlike the other fibrous connective tissues with which it is so 
closely related, the predominant element ol adipose tissue is cells, not 
fibers. Each individual cell is a large, globular body, the form of which 
is dependent on the amount of fat it contains and the pressure of 
adjacent tissues, The globule of fat is surrounded by a thin pellicle of 
cyloplasm, The nucleus, which has been pressed Lo one side of the cell, 
is surrounded by a small amount of gianular cytoplasm. This gives the 
lat cell its characteristic “signet-ring” appearance. The nuclei are pale, 
oval and flattened in surface view. When seen in side view, they appear 
as elongated structures which are difficult to distinguish from the nuclei 
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of the closely associated connective tissue cells. Tn sectioned inacerial, 
(he fac is usually dissolved by dhe reagents used in preparing Che tissue 
and the cells appear as clear spaces oudined by a chin membrane, 

In adipose issue the fat cells are closely crowded together in lobular 
misses, the lobules being separated by uabeculae of fibrous connective 
tissue. Delicate fibers extend from the trabeculae berween the cells and 
bind them together, Each fobule is supplied by a blood vessel about 
which the fat cells are massed, its branches breaking up inte small 
capillaries which lie in close relation to the cells. 

Adipose tissttes, especially in the axillary and ingeinal regions, 
avound the kidney, and in certain other locations, are differentiated 
in the embryo and are present at birth, Phese lissues are believed to 
represent definite fat organs. Tn other localities. espec tally i in the con. 
nective tissues of the skin. che muscles, and the mesenteries, fibroblasts 
appear to be transtormed into fat cells by the accumulation of fae drop: 
lets in their a ism. ‘The origin of these hut droplets is not known, 
On losing their fat, these cells revert to their original fibroblastic 
condition, 











THE RETICULO-ENDO'TILELLAL SYSTEM 





The term retieulo-endothelial systens is a poorly chosen term since 
the name fails to indicate or designate what is actually meant. tn the 
usual sense of the word it is net a system, and none of che cells in this 
systent are truly endothelium, 

This “system” actually consists of all the phagocytic cells of tbe 
bady, excluding onty che leacacytes. They ave distinguished (ram other 
cells of the body by their capacity to ingest (plageeyfize) pardcular 
matter of any kind whieh may be presente in the blood. lymph or tissue 
fluids, ‘The cells of this system are scattered throughout the tissues and 
organs of the body, ‘They may differ rom each other morphologically 
and in their location, but they all react similarly, “Cheir origin: is 
unknown, 

The only positive means of identification of the cells of this 

“system” ds to inject into an experimental animal a weak solution ot 
any of the vital stains, such as lithium carmine, trypan blue, or colloicitl 
arbon solution, Atter such staining, the dye or carbon particles will 
be found in the cytoplasm of these cells, whieh may be brieily listed 
as follows: 

1. Histiocytes—in connective tissue and in the blead stream, 

2. Kupfer cells--in the liver sinusoiels. 

3. Reticular cells~of sinuses of lymph nodes, and in lymphoid tis. 
sue, bone marrow, lining sinuses of dhe adrenal gland and pituitary 
gland, 





THE RETIGULO-BRNDOTUELIAL SYSTEM no 

4. Microglia~ol the nervous system. 

5. “Dust cells’—of the lungs. 

The cells of this system play an extremely important par in the 
defense reactions of the body and in its general metabolism. In defense 
reactions their role is the destruction of invading bacteria or removal 
of foreign materials, ‘They may be important in immunity by their 
production of anubodies, In the general metabolism of the body these 
cells dispose of disintegrating cellular material, and some believe they 
also aid in fat transportation, 


5 


Connective ‘Tissues (Cartilage) 


Like other connective Ussues cardikige consists ol cells, lebers and a 
magix. The magix, however, has become modified and has iequired 
a degree of fininess which emibles ito sesist tension and pressure toa 
certain extent, With the exception of che flat bones of the lace and 
danium and probably the clavicle, the entire shelead Lranework th 
man is first laid down in cartilage, [Cis found in the adit human hady 
asa covering fav the waruicular surtaces af bones and lorniing the true. 
work ol the laryns, Gachea and bronchi, 

The thee forms of cartilage which occur in the borly, classified 
according to the fibers present in the matix, wer Ayaline, febrous, and 
elastic, 

Lyaning GAR TILAGE 

Uyalineg cartilage is Lormed font the cells ol the original mesen- 
chyme, ‘Chese cells become closely aggregated amd with the disappear 
ance of the intercellular spaces assume the appewiuiee ol a syncytium, 
Changes now take place in the dssue fluid between the cells to form 
the matrix, Phis ground substance consists chemically of chondio- 
mucoid, chondroitin-sulluric acid and albumoid. Le also contains beth 
collagenous and clastic (ibers whieh are formed at the sane rime ag cle 
matrix. ‘This mauix material inercases in amount and its character is 
such that it hides the presence of the fibers embedded in it, so chat it 
appears as a homogencous ground substanee, With this increase, more- 
over, the cells are pushed larther and farther apart. The fibers of the 
connective tissue immediately adjacent to the surface of the cartilage 
assume a regular, usually longitudinal arrangement and form an 
investing sheath, the perichondrium. All forms of hyaline cartilage 
are enveloped by perichondrium, except those which are interposed 
between the bones in joints (articular cartilage). 

Hyaline cartilage receives its name from its clear, Ganslucent, whit- 
ish appearance, When found in certain ents of beet it is known as 
“gristle.” Tts color in the fresh condition is white with a slight bluish 
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tinge, It is the most widely distributed of all forms ol cartilage. Lu the 
embryo it is present in structures which represent nearly the entire 
skeleton, and will be replaced by bone in later stages of development, 
In this case the embryonic skeleton is said to be preformed in cartilage. 
It forms the cartilages which support the alae, or wings of the nose, 
the greater part of the cartilages of the larynx, the cartilages which 
form the rings ol the trachea and bronchi, the cartilages which attach 
the ribs to the sternun, the xiphoid process, and the articular cartilages 
which cover the opposing surlaces of bones in joints, 
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(cartilage eadpuule) 





Fie, 81. [yaline cartilage fiom costal cartilage of an adult, 


5 


Connective Tissues (Cartilage) 


Like other connective Ussues cartilage consists ol cells, libers and a 
matrix. “The mauix, however, has become modified and has acquired 
a degree of fhiness which enables it to resist tension and: pressre toa 
certain extent, With the exception of the flat bones of the lace and 
aaniim and probably the clavicle, the entire skelenul hamewark in 
man is first hid down in cartilage, IC is found in the adult human body 
asacovering for che articular suvtaces al hones and Covming Ure frame. 
work of the larynx, trachea and bronchi. 

The three lorms of cartilage which ocent in the body, classified 
according to the fibers present in the matiix, aes dyaline, fibrous, and 
elastic. 


TlyAning, GAR LILAGE 


Hyaline cartilage is lormed hom the cells ot the original mesen- 
chyme, ‘Mhese cells become closely aggregated and with the disappear 
ance of the intercelfbar spaces assume the appearance of a syneytium. 
Changes now ake place in the tissue fluid between the cells to form 
the matrix, Chis ground substance consists chemically of chondio- 
mucoid, chondrottin-sullurie acid and albumoid. It also contains both 
collagenous and chistie thers which ave farmed at (te sme time as the 
unix, This matrix material increases in amount and its character is 
such that it hides the presence of the fibers embedded in it, so that it 
appears asa homogencous ground substance, With this increase, more- 
over, the cells are pushed farther and larther apart. The fibers of the 
connective tissue immediately adjacent to the surface of the cartilage 
assume a regular, usutlly longicadinal arrangement and form. an 
investing sheath, the perichondrium, AM forms of hyaline cartilage 
are enveloped by perichondrium, except those which are interposed 
hetween the bones in joints (articular cartilage). 

Hyaline cartilage receives its name from its clear, Wanslueent, whit- 
ish appearance. When found in certain cats of beef it is known as 
“gristle.” Its color in the fresh condition is white with a slight bluish 
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tinge, It is the most widely distibuted of all forms of cartilage. In the 
embryo it is present in structures which represent nearly the entire 
skeleton, and will be replaced by bone in later stages of development, 
In this case the embryonic skeleton is said to he prefarmed in cartilage, 
It forms the cartilages which support the alac, or wings of the nose, 
the greater part of the cartilages of the larynx, the cartilages which 
form the rings of the trachea and bronchi, the cartilages which attach 
the ribs to the sternum, the xiphoid process, and the articular cartilages 
which cover the opposing surlaces of bones in joints, 


Cnitilnge cells 





Tuter ten {torial 
caritige —* 


Territorial cartilage 
(cartilage edpsule) 


Tia, 81, Myaline cartilage from costal cartilage of an adult, 
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In mature cartilage, the madix is mote or Tess homogeneous, wand 
the cells ave loctted in spaces called dacunae, These cells vary ie shape 
Irom Nattened ovals to round, depending on their Jonwion in dhe 
cardilage, and they Gil the lacunac in which they He. ‘Phe cartilage 
cells which are located just below the perichondiium ime Hattened, 
their long axes being parallel to the surlace of the cartilage. “They 
gradually assume a more rounded shape in the deeper layers, "Phe 
nucle are large, centrally placed and contain one or more nucleali. 
The cytoplasm of the cells contains fine granules and droplets of fat 
and glycogeu. Tn preparing tissue for sectioning, the lat has been dis. 
solved trom the cells, leaving them) vacuohued and shrunken. Tn che 
embryonic state the cells have processes, but these disappear in adult 
cartilage, belore interstitial grawth has developed, Tn the alter por. 
tions of the cartilage in adults, when mitosis of cells ocetrs, the density 
of the matrix prevents the cells from separating alter they have divided, 
Consequently several cells will be found occupying the same lacuna 
or separated only by a thin partition of cartilage, Ta mature cardhipe 
the aea immediaely surounding the lacunae in which che cartilage 
cells are located is called feritorial cartilage and represents the newly 
formed matrix. The territorial cartilage stains move deeply basophically 
due to concentration of chondromucoid, The older cartihige between 
the territorial cartilage contains albuumoid and is known as inter 
territorial cavtilage, For (his veason the staining reactions of the two 
areas are not the same, ‘Phe territorial areas whieh surround the 
lacunae, which ave commonly known as the cartilage capiles, stat 
blue (basophilic) with haematoxylin and cosin, This reaction may be 
modified in sections in which the chondromuceid aud chondioiin- 
sulfuric acid have been removed by reagents cluployed tne preparing 
the tissue. The interterritorial cardlage beaween che cartilage capsules 
is much firmer owing to ity increased density. Ts normal atining 
reaction tends to he acidophilic (due to the wWhumoid present) and 
stains red, and it appears much lighter than the temitarial aveas, The 
staining reaction of the older cartilage in the interterritorial arens 
may become intensely basophilic (bine staining) due to the precipita. 
tion of calcium salts in the matrix (calcification). The depth of color 
will vary with the amount of calcium present 

Ghondromucaid, which with choudroitin-sulfuric acid and albu 
moid forms the matrix of cartilage, is a mucinagenous subsiince which 
stains blue with basic dyes, Chemically it is closely related ta the 
proteins. Tt is insoluble in water but soluble in very dilue alkalies. 
Tt contains no phosphorus, yet has many reactions of the nucleo 
proteins, Unlike collagen and gelatin it is not precipitated by umnic 
acid, 

Ghondroitinsulfuric acid is found or the most part in the terri 
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Vion 82. Fyallng cardlage Gomi the Gachea, The older cells Uough the center of the 
section ave aianged in groups (As the cells approach the periphery of the cartilage they 
ave single and somewhat flattened) Photomiaogiaph, 


torial cartilage where it is associated with chondromucoid., These two 
substances are responsible for cartilage having basophilic propertics. 
It is water soluble, which explains why cartilage loses its basophilic 
character when soaked for a long time in water, 

Albumoid is related to both elastin and keratin, It differs from 
elastin in containing more sulluy, and from keratin in being digested 
by the gastric secretions, Tt is present in adult and old cartilage, The 
amount of chondromucoid decreases, and that of albumoid increases 
as cartilage grows older. 

In addition to the above-named substances, cartilage also contains 
collagen, which is reducible to gelatin, and a number of inorganic 
salts, among which sodium chloride occupies an important place. 

The growth of cartilage takes place in two ways: litst, by appasttion 
or addition of new cartilage at the surface of the cartilage plate; second, 
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Vea, 8% Tebraus cudlige fam the Intervertehial disc of a child. “The cardlage cells 
which He between the bundks of wavy collagenous fibers show a ine anangement, 
Photomicrograph, 


the density of the matrix increases with age in the cartihige is alse 
shown by the fact that it has a bluish tinge when stained with haema- 
toxylin and eosin, instead of being clearly transparent as in the carlier 
condition, 

Vibrous cartilage is to be found in the intervertebral disc; it is the 
cartilage which borders the glenaid fossa of the shoulder and the acetal. 
ulum of the hip, and is found in the interarticular joints of the sternum 
and clavicle, and of the clavicle and acomion process, the articulation 
of the jaw, and the cartilage of the symphysis pubis. 


Exastria CARTILAGE 


Elastic cartilage is similar to hyaline cartilage except that it has 
numerous elastic fibers in ils matrix in addition to many fine col- 
lagenous fibers, The cells occupy large, rounded lacunae, and are very 
seldom found in groups, The matrix is yellowish in color in the fresh 
condition, owing to the presence of the elastic fibers, The cartilage 
capsules (territorial cartilage) which surround the lacunae are much 
lighter in color than the remaining portions of the cartilage. 

The elastic fibers lorm a more or less dense network in the deeper 
portions of the matrix, They ate less abundant at the periphery of the 
cartilage, from which they may be raced into the surrounding peri: 
chondrium. Sone areas of the matrix may be entirely free [rom elastic 
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Tro. Sf. Elastic cartilage From the carulaginous plate of 
the ca. Deawn from a section prepared by Verhoell's clastic 
Ussue stun, 
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To. 86, Whistle Gudlage fiom the eat showing ane of Fig. 8h under high power. Ver 
hoell’s clastic Ussne stain, Photomboogiaph, 


fibers, in which case it has the appearance of, and is probably identical 
with, hyaline cartilage. 

Mastic fibers are not present in the cartilage capsules, but appear 
ouly in the intertenitorial areas. "This supports the beliet thac the 
clastic fibers arise in the matrix, Lhe manner in which the cells influence 
their production being unknown, 

The belief that clastic cartilage is a typical hyaline cartilage, differ. 
ing only in the presence of clastic fibers, is horue out by the conditions 
existing in the arytenoid cartilages of the larynx. The bodies of these 
cartilages consist of the usual type of hyaline cartilage, then elastic 
fibers begin to appear as the cartilage extencls into the vacal processes, 
and the processes themselves become definitely elastic in character, 

Flastic cartilage appears in the cartilaginous plate that supports 
the pinna of the ear, in the cartilage of the Eustachian tube, in the 
corniculale and cuneiform cartilages, and the vocal processes of the 
arytenoid cartilages of the larynx. 
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Srraucrure or Bon 


Bone, although a connective tissue, is one of the hardest tissues 
of the body, This is due to the character of the matrix, which has 
become modified through impregnation with certain inorganic ma 
terials, The most important of these salts are calctum phosphate, which 
is the most abundant, calcium carbonate, caletum fluoride, anc mag: 
nesium chloride; the last two named being present only in small 
quantities, 

Being a connective tissue, bone consists of cells (osfeocyles) and 
fibers which are embedded in an organic matrix containing mucoid 
(osteomucoid) and albuminous (osteoalbumoid) substances, These are 
combined to form a material known as ostein which, in appearance, 
closcly resembles some lorms of cartilage, 

The organic and inorganic constituents are combined in a way 
which is characteristic of bone, and which give it hardness and strength. 
The intimate nature of this combination can be shown by uyo experi- 
ments, Tf one of the long bones is treated with an acid solution, the 
inorganic salts are dissolved (decalcification), the organic constituents 
alone remain. When this has been completed, the bone retains its 
original sive, shape and characteristic markings, although it can be 
readily bent and uvisted. On the other hand, when the organic material 
has been removed by exposing the bone to intense heat (calcination), 
the sive, form and markings of the bone remain as before, but it has 
a chalky appearance and texture, and shows a marked tendency to 
crumble, 

Bone serves several important functions in the bady, (1) It forms 
the skeleton or {ramework. (2) It affords attachment for the skeletal 
muscles and by their contraction the bones are converted into a series 
of levers which make movement of the body possible. (8) In some 
regions the bones are converted into bony cages which hold and protect 
the more delicate and vital organs of the body. (4) Bone is one of the 
important hemopoietic organs of the body. The red marrow of long 
bones in the fetus and in children, and red marrow of vertebrae, ribs, 
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sternum, ¢piphyses of long bones, wil camial bones iu adults, is the 
site for the formation al most of the blood cells. 

Ifa longitudinally split long bone is exantined grossly, iC is at once 
evident that two types of bony tissue are present, (1) A bard, outes 
investing layer of compact bone, (2) A loose, spongy type ob tissue 
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Tio. 87, Longitudinal section through the upper end of 
the femur of an adult, Photograph, 


formed by érabeculae and spictiles of bone which anastomiese to form 
a latticework of bony tissue on the inside of the compact layer. This is 
known as spongy or cancellous bone. Spongy bone is also found in the 
hodies of irregular bones, and in the narrow strip of spongy tissue 
between the inner and outer plates of the flat bones of the skull, where 
it is known as diplo’. The relative proportions of these two types of 
hone vary according to the needs for strength or lightness of weight 
The center of long bones shows a cylindrical space, the marrow cavity. 
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This cavity contains the bane marrow which consists of reticular lissue, 
fat, and developing blood cells. Marrow also [ills the spices in can- 
cellous bone, In adult long bones, the blood forming: tissue (red mar- 
row) in the diaphysis is largely replaced by adipose tissue and the blood 
forming elements are restricted, more or less, (0 the areas ol cancellous 
tissue at the extremitics of the bones, 

Bone is an extremely vascular tissue and, with the exception of 
the articular surfaces, is invested with a fibrous connective tissue 
covering called the periosteum, This tissue will be discussed in greater 
detail later, Lining (he marrow cavity is a membrane, formed by the 
condensation of the connective tissue of the medullary cavity, called 
the endosteum. 

Bone, instead of being a solid, homogeneous mass, is made up of 
numerous thin layers of bony lamellae, held together by means ol a 
small quantity of cement substance, Their arrangement varics accord- 
ing (o their location in the bone. Examination al a cross section {rom 
the shalt of a long bone shows four distinct lamellar arrangements: 

EXTERNAL CIRCUMFERENTIAL LAMELLAE. A few layers 
extend around the entire periphery of the bone. Because of their loca- 





Tia, 88 Shaft of human humerus, (from a chart by H. Poll.) 2 
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tion and the fact that they are laid down by the ogeogenic cells of the 
periosteal covering of the bone, they ave called external cércumferential 
(or periosteal) lamellae. 

CONCENTRIG LAMELLAE. Internal to the external circum: 
ferential lamellae the cross section of bone shows numerous small 
channels, around which the bony substance is laid down in the lorm 
of concentric plates (concentric lamellae). The small channels ran 
parallel to the long axis of (he bone and are known as /Teversian canals, 
They contain blood and lymph vessels, and nerves. Waversian canals are 
joined to one anather by obliquely or laterally directed communicating 
canals,‘ 

INTERSTITIAL LAMELLAE. During growth in diameter of a 
hone, old Haversian systems may be partially resorbed and new ones 
formed, The remnants of the old systems fill the spaces beuveen the 
new TIaversian systems and are called inverstitial lamellae, IL the 
concentric lamellae of the Taversian systems could be removed, and 
the interstitial Jamellae allowed to remain, a condition resembling 
spongy bone would result, The trabeculae and spicules of spongy bone 
possess a Jamellatedt structure, but the lamellae are not organized into 
Maversian systems, 





DB 
Fie, $Y, Gross section of decalcified campnet bone, (A) Iaversian canal, (13) Osteocytes 
mringed betwen concentife bony lamellae, (C) Concentric Inmellne, (1D) Interstitial 
Iamellac. “The canalicull do net show, Hematosylin md eosta stain. Photomicrograph. 
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Fro. 40, Cross section of compact bone (not decalcified). * (A) Haversinn canal (13) 
Concentiic lamellae (C) Lacunae. (19) Interstitial lamellae. (QE) Volkmann's ainal. Photo 
miuoguph, 


INTERNAL CIRGUMFERENTIAL LAMELLAL. These are 
found on the inner aspect of the bone and are similar in arrangement 
and appearance Lo the external circumferential lamellae, They ate laid 
down by the endosteum which lines the marrow or medullary cavity, 

The lacunae are almond-shaped spaces found between the lamellae, 
although they also occur within the lamellae themselves. These spaces 
are joined to one another by numerous fine canals (canalictlae) which 
extend from the lacunae in all directions through the bony lamellae, 
They branch and anastomose frecly so that the bone is filled with a 
network of extremely minute canals which carry nutrient materials. 
Bone cells, or osteocytes, are lodged in the lacunae and in living bone 
completely fill them. In prepared material, the protoplasm of the 
osteocytes shrinks and pulls away from the walls of the lacunae. 
Ostcocytes are modified connective tissue cells and, like the cells of all 
other forms of connective tissue, are derived from the primitive 
mesenchyme, These cells possess a granulated cytoplasm which fs 
more or less vacuolated in prepared sections, and a rounded nuclcus 
which lies in the center of the cell, Delicate protoplasmic processes 
extend from the cytoplasm of the osteocytes and enter the canaliculae 
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where they branch in the same pattern ats the cimaticulie. Te is probate 
that these processes dnastomiose with the processes ol adjacent cells, 
‘This results in the bone being tilled with a network of living substimee, 

‘The lacunae which lig nearest to an Taversian canal communicate 
directly with the aanal by means of theiy Guiiculae, [nan Thaversian 
system, the continued communication of the osteocytes with one 
another, by means ol their processes which oceupy the canaticulie, 
and of the cells in the interstitial lamellae with Chose at the boundiries 
of the Taversian systems, insure the connection of all the cells with 
the sources of nutritive supply. 

Small canals pierce the external and internal cireunierential layers 
of bone and join the Haversian canal ‘They are Known as Volkmann's 
canals and they difler fiom the Taversian canals in not being sur 
rounded by concentric lamellae, ‘They do not form an independent 
system, but with the Haversian canals they provide a series of channels 
by ineans of which blood vessels, lymphities, and nerves are distributed 
throughout the bone. 

Fibers are present inal parts of the bony matrix and cin be 
demonstiated by suitable methods, hea single kumella the fiber bundles 
me arranged parallel to one another, Tn an adjacent lamella, the fiber 
bundles are also ananged fi parallel, but they lie at right angles (a 
those of the neighboring lamellae. ‘Vhis is especially noticeable in the 
Haversian systems, Besides the fibers found within the lamellae, there 
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system with kicunae aod Gunlcull, (i) Thaverstan canal at the center of an Thaversian 
system. (G) Tnterstidial lameliae, 
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are also bundles ol collagenous and clastic (ibers derived from the 
periosteum, which enter the bone at right angles to its long axis, ‘They 
me known as perforating fibers ov Shar pey's frbers, ‘They penctate 
the owler bony lamellae and may extend into the interstitial lamellae, 
but they do not enter che aversian systems, These fibers are especially 
numerous where tendons are attached to bone. 

Applied to all parts of bones, except their articular surlaces, is a 
layer of connective Tissue known as the periosteum. Il consists of 
collagenous fiber bundles intermingled with numerous clastic fibers, 
The fibers of the outer part of the periosteum are loosely arranged and 
blend with the surrounding connective tissue. They give support to 
numerous blood vessels and lymphatics, Jor which reason the outer 
layer is sometimes relerred to as the vascular leyer, The fibers of the 
periosteal tissue which lie upon the surface of the bone are more 
regularly arranged, as well as being more compactly interwoven, and 
form what is known as the fibrous layer, When hone is injured to the 
extent that it needs to be replaced, the cells of the fibrous layer, espe- 
cially those which lie immediately on the surface of the bone, become 
bone formers (osteoblasts) and restore the bone that has heen removed 
or destroyed in the injured area; hence the deep portion of the 
periosteum, in which these cells are located, is sometimes referred to 





Tie. 42. An Taveisian system, ndecaitcified compact bone, (A) Taversian canal. (3) Cone 
centile Jametlac. (CG) Tacunae. (2) Canaliculi, Photomicrograph, 
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fie. 43. Developing intummembanous bone, Fram the mandible af a litman embiye ef 
fom menths, 


as the osteogenic layer. Under normal conditions the cells ol the 
osteogenic layer remain inactive in adult bone, 
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Bone ahways develops in iclition to either an embryonic or adult 
type of connective tissue, Gertain bones. namely those which form: the 
vaulpol the Gani, the bones of the lace. amd mandible and probably 
the clavicle, arise directly within the membranes in which they are 
located, Bones of this hind are known as membrane banes, and the 
process by which bone develops in mentbyanes: iy called dndanen- 
Dranous bone fornelion, A sevond type of bone development is known 
as endochoudyal ov intracartlaginous bone formation. (Wn his type, 
the original membranous maitris is converted into cartilage, which in 
tam is removed and vepticed by bone, ‘Phe bone produced by these 
nyo methods is histologically the same, the terms merely indicate the 
method of development, The first bone formed by either method is 
always spongy or cancellous, only in later development is it changed 
into compact bone by remodeling of the existing bony material 

INPRAMEMBRANOUS BONE FORMATION, ‘Phe most typi- 
cal exuuples of intamendraneus bone Cormation are to be found 
in the formation and prowd of the bones af the qanial vault (frontal, 
parietal, and upper portion ol the occipital bones) Immediately pre- 
ceding the formation of bone, the mesenchymal cells ins the area 
proliferate and many small blood vessels invade the tissue. Phere isa 
tendency for the mesenchymal cells fo proup themselves together in 
clongated clusters throughout this area, Ty the region where this change 
is taking place, the connective tissue fibers become swollen, ‘Phe con 
nective tissue cells change and assume a more or less cuboidal shape 
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Vr 44, Bone Coumation, etrly stage (pl) Bens plates, (18) Taverstan spaces with 
bload vessels about to be completely enclosed by the growing bone, (Ost) Osteablasts hty- 
ing down ostcogeme material on a small plate of bone, (Sp) Spicule continuing the 
gowth of (he bony plate into the sunounding periosteal ussue, Photomicrogiaph. 


and the cytoplasm takes a more basophilic stain which characterizes 
them as bone lorming cells or osteoblasts, The osteoblasts produce 
certain changes in the ground substance, which becomes a thickened 
hyalinlike material called ostein (preosseous material: osteoid) which 
completely masks the fibers embedded in it. 

The osteoblasts multiply and are arranged in a regular manner 
along the borders of Uie preosscous material or ostein, and also along 
(he swollen fibers, Tere they continue Lo deposit ostein, dus increasing 
the sive of the preosseous area which, as the ostein is laid down along 
the fibers, acquires an irregular outline, The ostcin which is deposited 
in this manner [orms the organic base for the matrix of the bone, 
Following the formation of the organic portion of the matrix, calcium 
salts ina Gnely granular condition are deposited in its substance. In 
this manner a number of bony spicules and plates, irregular in outline 
and varying in size, are formed in the connective tissue. 

Two distinct processes thus occur in the formation of bone: (1) 
The production of osicin by the osteoblasts. (2) The deposit within 
this material of calcium and other inorganic salts, ‘The calcium salts 
are not merely precipitated in the preosscous substance, as in the 
calcification of cartilage, but assume a regular and intimate relation 
to the material in which they are deposited. This is known as ossift- 
cation, 

The growth of bone is due to the osteoblasts depositing additional 
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layers of ostein on the surlace of the bony plates and spicules, fn 
plepared sections, the caleilied area (hone), which statis a deep red, 
is smmrounded by a narrow border of faipily siiiniug, bonagencous 
ostei an which the osteoblasts rest, 

The seeretion of preosseous material takes place obly from that 
portion of the cell whieh is adjacent to the bone, Gerttin osteoblasts 
seem to Jose their power to produce osteins and become fitctive, When 
this occurs, the neighboring osteoblasts sean deposit a layer of ostein 
about these cells and in this manner they become embedded in the 
wiutrix, These cells, which occupy the lacunne in the bony material, 
are now called bone cells or asteacyes. The cunicakte ave lormed 
as the ostein is laid down avound the dedicate processes al the 
astcacytes. 

‘The examination of a section of developing bone wilh revert the 
fact chat the lightly sGuined border af astein dacs nat extend all the 
way around the bony plate. Gertain areas appear in which it is not 
present. 

As new bone is formed, the plates are soon joined together on the 
inner side to form a continuous bony layer, On the outer side the 
osteoblasts continue to deposit bone along the vadiating fibers, lorming 
spicules and trabeculae. “Chese bony projections graw toward one 
amother and finally unite, enclosing luge spaces (i faorrsinnt spaces) 
which contain primitive marrow and blead vessels. ‘This process: is 
repeated and the bone increases in thickness. 

The bone on the cerebral side does not vemstin, but is removedt by 
© process of resorpdion ata ade which corresponds ta (he extension 
of the bone in the outward direction, Phis removal of the inner 
portion of the bone, along with the contined deposition of bone a 
the cdges of the skull bones, ineveases the size ob the cainial cavity, dias 
paralleling dre growdr af che bein, Phe process by whieh bane ts 
resorbed is nat well understood. Gerttin giant, multingelear cells, 
which are called osteoclasts, are thought te play a part ins bone 
resorption, 

Alter bone has reached the limit af its geawth, resorption causes, 
On the inner or cerebral side, the tissue becomes dense bone by the 
filling of the Haversian spaces with concentric bony lamellae, Mhis 
renains as the fumer pkie (Phe primitive marrow cells in’ the 
Taversian spaces become osteoblasts, ‘These cells hecame arranged 
about the walls of the spaces and deposit preosseous material in a series 
of concentric hony layers unul the Haversian spaces are completely 
filled with bony niterial, except for the center which is oceupied by 

lood and lymph vessels and nerves.) ‘Phe spicwes of the outer portion 
“the bone unite and form: Haversian spaces, which are likewise filled 
‘concenttic Jamellae of bone, the dense hone of the outer plite thus 
ing formed. 
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Tn the areas between the plates, che spaces between the bars and 
spicules of the spongy bone remain unaltered; ar where they may 
have been obliterated by the foumation of concentric layers of bone, 
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Fie. 45, Totrimembranous bone, (By) Blood 
vesel in Elaversiin space. (CB) Calcihed portion 
of bony spicule, (Fb) Modified connective Ussue 
fhe long which new bone-materal will be de 
posited. (11S) Tfaversian spaces, (EIS) Taversian 
space completely filled with bone by the action af 
osteoblasts Gt typical: TLaversian aystent). (Ob) 
Osteoblasts, (Og) Uncalcified bony material (astco- 
genic substance), (Pim) Connective tissue (externa! 
periostenm) being tramformed ime primitive mar. 
lew. Sp) Spicules extending into the connective 
tissue lorming (he external pesostcum, (Tr) Bony 
tahectie, Uhotomicograph, 








they ave again reopened by Che resorption of this bony material, The 
Ussue in this region remains as the spongy bone of the diplod, The 
spaces in the diploé are filled with the cells and tibers which form 
Ww , 
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ENDOGHONDRAL BONE FORAMLV LION, ALL parts ol the skele- 
von, with the exception of those which have been relered to as 
membrine bones, first appear in the embryo as cmbryonie hyaline 
cartilage, As the development of the cuibrya progresses, these cardlages 
ame replaced by bong, except on the articukir surhices of the bones, “Che 
process by which this takes place is known as cudochoudral boue jana. 
tion, The aardlages whieh form the carly embryonic skeletou, more. 
over, serve to give direction to the growth of the bones hy which they 
are replaced, and to acertiin extent, influence thet form, As the ten 
endochondral bone formation indicates, this type of bone ty developed 
within the cartilage, but ip must be realized that dia this process, the 
cartilage is not converted inte bone. Phe cartilage ts first yenioved and 
is replaced by bone. Bone formation inthis Gise is essentially: similar 
to Intamembiapous bone farmation, Uhe fue af the cavukiwe cells 
which are released with the breakdown of the Gutilaginous matrix: is 
vot knawn, Phey may revert id became Ghrablasts; same ab them, 
at Jeast, undoubtedly degenenite and ae phagocytized by connective 
tisstte cells ot blaad cells of Ute hone marrow, 

‘To understand this type ol bone formation, it is essential to rewtlize 
that as che first changes are Gihing place in the center of the cartilage 
within the shalt of the loug bone, anether series of changes are 
occurring almost simulimeously at the periphery of the cncilage, 
‘These litter changes. involy ing the perichoudrinns (shortly to be culled 
periostcum), result in typical intramenbrmous bone formation and 
produce a “colle of bone around the outer imargin ol the carte 
laginous mass, 

Inthe center of ossitcation, the cartilage bas become honeycanibed 
hy the resorption of some of che cartilage beqween the spaces oceupicd 
by the cartilage cells, Inthe meantime, the cells and: libers of the 
asteqpenic layer of (he perfosteum atecompaniod by a blood vessel, 
organize to Torun a periosiea! bud. Vis dorms it channel through the 
intervening bone collar and cartilage by the absorption of their subs 
stance and breakdown of the thin wills of the dacumace ‘Phe cavity 
thus formed is called the primary marraw space, From the tisstie al 
the periosteal bud is devived the cells and constitents of the prinary 
bane marrow which soon fills the primary marrow space, 

As the perfosteal bud inwides the bone and cartilage, it carries 
with it the potential bone forming cells ar osteoblasts, ‘Phe walls of 
the printiary marrow cavity are quite trregulite owing (othe spicules 
of calcified cartilage which sGU remain and project into if, The osteo 
dlasts arrange Cheuselves along these cartilaginous spicules aud bars, 

nd deposit bone upon then in the same way as bone was deposited 
long the fiber bundles in intramembranous bone fernuttion, 

In the meantime osteoclasts, also derived trom the cells of the 
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primary marrow, come inte contact with the vewly formed bene and 
begin its resorption, ‘Thus pone formation and the destruction of the 
newly farmed bone are going on at the same time, 

The caleification of the cartilage. with the accompanying changes 
in the cells and the enlargement of their lacunae, continues i all 
directions from the center ol} ossilicaion, ‘Vhis results in ihe fornvation 
of other primary nuirrow spices which are finally joined in a single 
large cavity in the diaphysis, known as Che secondary marrow space. 
When the process has extended to the subperiosteal bone, the cartilage 
in this area has disappeared, the subperiosteal bone forming the outer 
boundary or wall of (he secondary marrow cavity. 

‘The calcification of the cartilage continues toward (he epiphysis, 
Here the cartilage cells divide transversely so that they become arranged 
in vows whieh vit parallel to the long axis of the bone, The cartilage 











Fis 46, Longitudinal section of a portion of a humus phalnnx to shaw endochondral 
bone formation, (A) Embryonic cartilage, (8) Cartilage cells ar ranged La columns. (i) 
Caleified caiage, (D) Primany nmanmow space. (8) Spicule cousisting of calcified au Uhige 
with bone depasited about 1. (F) Secondary marrow space, 
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Bi 17. A deiaing (semicdiagrammiatic) showing osteabbisty said ostvarhinia, (After 
LeGros Chirk 





walls break down beaween the enlarged Ticunae, Forming: spaces of 
considerable size which are separated by the caleilied cartilage renin: 
ing between the rows, “Chese printyy sarvew spaces are invaded: by 
osteogenic issue (primary mutirrow) which extends inte thent front the 
secondary marrow space. “Phe calcified cartilage benween the primary 
marrow space extends in Che form: of spicules into the secandiey marrow 
spice, Osteoblasts are arranged along the borders af these. spicules 
and form the layers of bone by which the spicules are enclosed. ‘The 
spicules ave then resorbed by the action of osteoclasts and other agencies 
which ave active in the removal af bane. By che cantinuiian all (his 
process, the secondary marrow cavity (narrow cavity af the bone) is 
extended in the direetion of the epiphyses, 

‘The bone increases in length by the division of the cells in the 
embryonic cartilage of the epiphyses, and the deposit of addidonal 
matrix about them, As the length of the diaphysis increases, the 
periosteal tissue by which it is surrounded becomes periosteum, and 
the subperiosteal hone is correspondingly lengehened. CC alse tacreases 
in thickness by the continued addition of new layers of beng on its 
outer surface, Chis bone is formed by the action of the cells (osteo 
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blasts) of the osteogenic layer of the periosteum, a process which is 
similar in all respects to thac observed in the development of intra- 
membranous bone, 

As the subperiosteal bone about the diapbysis increases in thickness, 
the process of resorplion becomes active on its imer surface with the 
consequent enlargement of the diameter of the marrow cavity, A 
number of periosteal buds are formed which push their way into the 
marrow cavity, carrying with them additional osteogenic tissue and 
blood vessels. ‘Chis process of growth and resorption of the bone about 
the diaphysis continues until it has attained its adult size and condition, 
The blood vessels and their branches, which remain in the bone, 
occupy the spaces that later become the Haversian systems, 

The epiphyses of the long bones retain their cartilaginous condi- 
tion until after birth, Blood vessels, accompanied by osteogenic tissue, 
invade the cartilage and form centers from which the process. of 
ossification extends in all directions. Several of these centers are formed 
in the cpiphyses of the longer bones; in the smaller bones only a 
single center is present. As the lacunae are enlarged, and become 
confluent, bars and spicules are formed on which the bone is laid down 
in the manner already described. Phese interlacing bars and spicules 
remain, or if resorbed, they are later replaced by the formation of 
new bars and spicules. This results in the production of the spongy 
bone of the epiphysis, ‘The osteogenic tissue spreads through the 
spaces in the spongy bone and becomes the bone marrow. 

Since the ossification of both the diaphysis and epiphysis takes place 
before the bones have attained their adult condition, provision is 
made tor their continued growth in length by a plate of cartilage 
(epiphyseal plate) which remains between them, The position of this 
cartilaginous plate is indicated on the surface by a shallow groove 
(epiphyseal groove), The continued growth of the bone in length is 
accomplished by the division of the cartilage cells and the formation 
of new matrix; in the portion of the plate toward the epiphysis, the 
cartilage being replaced by bone on the side toward the diaphysis, in 
the manner already described. As the formation of spongy bone takes 
place within the epiphysis, its growth is continued by the division af 
the cartilage cells and the addition of a matrix at its surface. 




















Broop Surety or Bont 


Bone is an extremely vascular tissue. Numerous small vessels 
derived from the pertosteal vessels enter the Haversian canals of the 
subperiosteal boue by way of Voikmann’s canals. These vessels continue 
into the marrow cavity where they form capillary networks. They 
anastomose with capillaries derived from the medullary arteries, The 
medullary (nutrient) artery enters the shaft of the long bones near 
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the center of the bone. Tt passes obliquely through the compact bane 
of the shaft, where it communicates with the arteries of the Haversian 
canals and on entering Che marrew space it divides into an ascending 
and descending branch. ‘UVhese vessels in turn divide and eventually 
open into wide sinusoidal capillaries. Accompanying Che medially 
atery are nerves. veins and lymphatics. In view of the subsequent 
study of pathology, it is important at this point, to call wdention te 
the peculiarity of the vascular supply to the ends of long bones, (Phe 
blood supply to long bones has been worked out on tec material and 
bones of growing animals and is reported by TL AL Thuevis.) Beeause 
of the very poor anastomoses beayeen the terminal vessels ob the 
arteries of the diaphysis, these vessels lor all practical purposes may be 
thought of as end arteries which do not extend across the epiphyseal 
line, ‘Phe epiphysis, on the other hand, is supplied by the articular 
branches of vessels tthe near vicinity, “Plese arteries ave uot cud 
arteries, but tend to anastomose freely. “Phus lesions in the shalt and 
the epiphysis are very Gy pica (localized in the shalt; general, widespread 
in the epiphysis). 






















Bont Marrow 


Bone narrow is a sole cellukn tissue which is found ins the 
medullary cavity of long bones, wound the blood: vessels ob the large 
Haversian canals, and filling the interumthecular spices ob spongy bones. 
The supporting framework of bone marrow is a reticulum which, 
except for its wide meshes, is similar to that whieh forms the frame: 
work of the lymphoid orgaus. “Uhe cndosteum by which the marrow 
cavities are lined is nota definite membrane, but a condensation. ol 
the reticular tissue on the inner surface of the bone. The retiouhu 
cells ave fixed macrophages which, when separated front the reticulum, 
become the tree macrophages (histiocytes) of the Cisstte spaces, 

‘Two kinds of bone marrow are recognized: (1) red and (2) yellaw, 
In the bones of the fetus and in children the only marrew present is 
red marrow. (tis foumed by a sich variety of cells, supported by the 
reticular tissue framework, constitting the inyeloid: elements from 
which the formed or cellutar elements of the blood are derived. [In 
the fetus the liver, spleen, and lymph glands contribute to the forma: 
tion of the cells of the blood, “These organs lose their hemopoietic 
function shortly after birth, the cells which ave found in the blood 
stream being formed in the red marrow. La the adult, the red murrew 
occupies the spongy bone in the epiphyses of the long bones, the bodies 
of the vertebrae, the ribs, the sternum, and the diploé of the flat bones, 
‘The red marrow in long bones of the adult is restricted to the ends 
of the bones, that in the diaphysis (marrow cavity) heityg repkiced by 
yellow marrow, Yellow marrow contains large masses of fat, by which 
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the cells characteristic of bone marrow have been displaced. (Fat in 
red marrow consists of single cells Lound among the other cells of 
the tissue) ‘Phus in the adult, the red marrow is the most important 
hemopoietic organ of (he body, 

The blood vessels in bone marrow end in capilhivies that com- 
municate with thin-walled sinusoids, through which the blood passes 
before itenters the veins. The cells forming the walls of these sinusoids 
are thought by some to bea specialized kind of eadethelium, ‘They are 
regarded by others as fhittened reticatar cells whieh have asstaned the 
form and position of endothelial cells, Whichever may be the correct 
view, the celts in the walls of the sinusoids are phagocytic and may 
detach themselves from their connections with the other cells and 
enter the bload stream or cissue spaces as (ree macrophages, 


Curis or BONE ‘Pissun 

OSTEOBLASTS, Osteoblasts ave derived from the direct (iusfor- 
mation ol connective tissue cells (mesenchymal cells). "The mesenchy- 
mal cells increase in size and become more or less cuboidal, at the 
sume time, however, retaining their processes. ‘These processes fre. 
quently anastomose with those of adjacent cells, and also may extend 
into the newly formed osteogenic substance, ‘Vhe cytoplasm is finely 
granular and veacts inteusely to the basic stains. “Che nuclet ave large, 
round and ustally located to one side of the cell, 

The osteoblasts are arranged in a regular manner on the sarface 
of the matrix, although they do not lie close to one another as do the 
cells of an epithelium, but are separated to make way for the fibers 
fron the surrounding tissue which is being ineorporated in’ the 
substance of the bone, Osteoblasts become thitened and lie close to 
the surlace of the bone when they are no longer actively: seereting 
astein, Alter boue growth has ceased, it is probable that the osteoblasts 
ave transformed into fibroblasts, New osteoblasts can be formed at aty 
time from mesenchymal cells of the neighboring connective: issue, 

‘The exact role that osteoblasts play iu the deposition of calcium and 
inorganic salts in the organic matrix is unknown. ‘This deposition is not 
due to the direct activity of the cells, although it is probable that they 
produce subsiinces which enable the organic matrix to withdraw 
inorganic material from the surrounding Mids, 

OSTEOGLAS'ES. Associated with the areas in which resorption 
of bone is taking place, there are usually found certain giant, multi- 
nuclear cells called osteoclasts. ‘Vhese cells lie close to the surface of 
the bone and are frequendy found in deep depressions, or bays, in 
the hone (Clowship's lacunae). “Vheiv origin is unknown, but it is 
likely that they may be derived from undifferentiated cells of the 
osteogenic Ussue, These cells are characterized by their acidophilic 
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cytoplasm (stains red with cosin) and the number of theiv nuclei, 
which is oxtremely variable (2 to 20 or more), 

Various ideas ave held concerning the pint played by Che osteoclasts 
in the resorption of bone; some observers doubt whether these cells 
have any relation to the process by which bone ix removed. Certain 
facts, however, may scem lo indicate that osteoclists are concerned) with 
bone resorption: they are found only th the aveas in which (he vesorp: 
tion of bone is taking place, they frequently lie in depressions which 
they appear to have hollowed out in the surlace af the bone. and 
their staining reaction is acidophilic: «a characteristic of cells which are 
capable of producing the acid substances necessary for the removal of 
calcium salts, When osteoclasts tying in Ulowship'’s licumae are exan- 
ined with the higher powers of the microscope, delicate processes are 
seen extending from the cell to the’ surface of the hone, ‘There is some 
reason for believing that these “processes” have been misinterpreted, 
that actually dhey are the’ protoplasmic walls of vacuoles which are 
filled with fluids resulting trem the reduction of the organic matrix 
of the bone by a proteolytic enzyme released by the osteoclast. 

On the ather hand, the number of asteackists In any given aren 
is not enough to account for the rate ab which the resorption of bone 
takes place; also. bone may be resorbed without osteoclasts being 
present, as in fractures where small fragments of bone are removed, 
Other factors are undoubtedly involved. ‘The greater part of the 
inorganic constituents of the matrix: is probably 4 removed: by acics 
present in the fluids by whieh the bone is bathed ia the areas where 
resorption is taking place. ‘Che osteoclasts may be the agents thai 
remove the organic ground substance of the matrix alter the inorganic 
constitnents have been disposed of, 

OSTEOGYTES, Osteoblasts which are embedded in the bony 
matrix are called osteacyles, “These cells have a aranular cytoplasm 
which stains faintly basophilic. ‘The nucleus is aval in shape and large, 
The chromatin particles are large and one ot two nucleoli are present. 
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Blood 


Blood is a tissue consisting ol cells (farmed elements) which move 
hieely ina fluid medium, the plasma. tt is related to the connective 
tissues by its ovigin from the primitive mesenchyme, and also by the 
fact that, in the adult, its cells arise front the reticular tissne of ‘the 
bone marrow aud other blood forming organs. 

‘The comparison beaveen blood and the connective tissues may he 
made more exact if we regard blood asa cissue which, like other con- 
nective tissues, Consisis of cedés. frbers, and a matrix, Because of the 
(luicl candidion af the matrix (plasma), the cells of the bload do vat 
maintain a coustint position in relation to one another, The fibers 
are in solution in the plasma (fdainogen) and they become evident as 
fibers only when agents are employed to bring about heir precipitation 
in che foun of fori, ' 

The total volume of blood is correlated with body weight and 
surface area, By the use af the “dye method,” the volume has been 
estimated to be about 1712 of the body weight. Ia the average adult 
this would amount to approximately 6000 ce. 

{cis relatively easy to reduce the composition of the bload to a 
diagrammatic representation as follows: 

serum albumin 
serum serum globulin 
glucose extractives, Gulcium 
silts, sodium and potassiun 
plasnta chlorides, carbonates, phos 
phintes, etc, 
fibrinogen (yickts fibrin) 
Blood oxyhenoglobin 
red blood cells dtecithin 
salts 
white blood cells fibrin Lerments 
hload platelets 
hemoconia or 
blood dust 


Diagrammatic Composition of Blood 
(Modified alter Webster and Koch) 


formed clements 
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PLASMA 


The plasma is a slightly alkaline Guid having a “soapy” Lleol and 
a yellowish color, TC contains Hamerous organic and inorganic sub- 
stunces in solution, some ol which vary in amount in changing 
physiological conditions, Others, such as Calcium: and bload sugar, are 
present in fatty constant quantities during normal health, although 
the blood sugar varies temporarily with sugar intake. 

Plasma contains albumin, globulin and inorganic salts. One of the 
important globulins is Nbrinogen which is diflused throughout the 
plasma, As long as the blood continues to eitculate normally through 
the vessels, the frhrinogen remains in this dilhised (solvent) condition, 
When the circulation is stopped, or the blood is removed from the 
vessely by injury, or otherwise, fthrinogen is precipitated in the form 
of fibtin which forms a neuvork of interlacing fibers in which the 
formed elements are caught and held, the mass becaming a coagultium 
Known as a clo. Other substances present in the plasma which are 
essential in the process of coagulation are; prochtomibin, antithrombin, 
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Fic. 48, Blood, (E1) Iaythuocy tes, (HI) Kosinophilic lencocyte, (CG) Grenated red cor 
puscles, (L) Lymphocyte, (M) Monocyte, (NL) Neutophille leucocyte. (Hp) Blood phate: 
Jet. (i'n) Titnin fibers, (Redrawn alter Schitfer) 
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and calcium, When the Gbrinegen, in che form of fibiin, and the 
formed elements have been removed (rom the blood, the residue is 
a thin, yellowish fluid, the seam. Kor a detailed discussion of the 
process of coagulation the student should consult a physiology text. 

Functionally, plasma serves as a means of transportation for the 
formed clements of the blood, In it also ae cariied the materials 
which make clotting possible, as well as substances (lor example, the 
products of the various endocrine glands) which are required by the 
tissue cells for the maintenance and regulation of their metabolic 
proc CSCS, 

Where a clot has been formed, the serum appears as a clear, fluid 
exudate In it are lound autibedies, substances produced by the tissues 
asa protection against bacteria and certain other agents that are harm- 
ful co the body, Usually antibodies are formed only if the bacteria or 
agent is in the body and they are specific for the particular substance 
which called lavth their formation. Therefore, to test for a specific 
antibody is to (est for the particular disease. 
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Phe cellular, or formed, elements of the blood are: (1) the red 
corpuscles (erythrocyles), (2) white cells (leucocytes), (8) blood platelets 
(rrombocyles), and (A) hemoconia (blood dust), 


ERY CUROGYTES 

Erythrocytes, or ved blood corpuscles, are highly specialized cells 
whose lunetion is to, carry oxygen trom the lungs to the tissue and 
vo bring back carbon dioxide, ‘Chis is made possible by the hemoglobin 
(a complex iron-containing protein) which is found in the corpuscle 
and gives it its characteristic color. In the noimal adult mammal the 
erythrocytes arc formed from reticulo-endothelial cells of the bone 
marrow of vertebiac, ribs, sternum, flat bones and the proximal ends 
of the long bones. Sites lor red blood cell formation in the lets are 
the yolk sac, the Liver and spleen, The length al the life of the red 
blood cell ina normal person is not known, Towever, Wearn, Warren, 
and Ames, basing their conclusion on the length of time tanslused 
bload corpuscles survived in anemic. patients, gave the range of their 
life span from 59-118 days (two to almost four months), When the 
corpuscles are no longer capable of lunctioning, they break into 
fragments which are ingested by phagocytic cells in the blood swream, 
the spleen, the hemolymph glands, the liver and the bone marrow. The 
pigment substances ol the red corpuscles are utilized in the formation 
of bile. 

Erythrocytes are called “corpuscles” because, unlike the leucocytes, 
they do not possess a nucleus, However, a nucleus is present in the cells 
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(vommoblasts) trom which the red corpuscles ave derived. Tn a few 
mannids, and in many of the lower aninuls, the erythrocytes retin 
their nuelei throughout lile. 

The red corpuscles are flattened, biconcave dises without nuclei, 
It is of interest that this biconcave shape offers the greatest: possible 
surlace atea lor the size of the cell. ‘They appear dumbbell-shaped 
when cut in hall and viewed cdgewise, When viewed on their flatrened 
surface, the corpusele shows a thin central portion which appears 
lighter than the thickened marginal partions, While the biconcave 
disc shape is by’ lar the most common seen in the circulating blood 
or in stained smears, belle and cup-shaped cells have been described, 
These variations are most likely a modification of the biconcave form, 
due to certain external factors which influence the corpuscle, 

Jn thin smears of freshly drawn blood, the celly have a greenish 
yellow color. ‘The characteristic red color becomes evident when the 
cells ave crowded together in the plasma, 

Mature human red bload cells are not motile and their passage 
through the vascular system is entirely “passive,” Tlowever, they are 
solt and elastic, a condition which enables chem (o change their shape 
as they pass through the smaller capillaries, and to resume their 
normal shape on entering the larger vessels, 

The size of the red blood cells is somewhat variable in different 
persons, By direct meastucment of the cells, Ponder found the greatest 
thickness to be 24 miaons, and the least thickness, through the ccuural 
portion of the cell, to be L02 microns, The diameter of the corpuscles 
varies somewhat according to whether the measurements are mide on 
fresh blood or on dried smears, Using a smear of Lresh blood, Ponder 
and Millar reported a diameter of 8.8 microns, while using stained 
smears, Price-Jones reported a mean diameter of 7.02 microns: (this 
decrease is due to shrinkage). Some corpuscles, however, exceed these 
dimensions, while others are smaller. Fxeeptionally large corpuscles 
are called macrocytes, while the smaller ones are known as microcples. 

Frythrocytes are the most numerous of the formed clements ol 
the blood; in the normal adult male they number about 5,000,000 
per cubic millimeter; in the adult female about 4,500,000, These 
figures represent averages, and actual normal counts may vary as much 
as a million, more or less, from the averages given. In newborn infants 
the red-cell count is high. Stearns and McKinley give the red-cell count 
as 5.85 million per cubic millimeter at birth. (Uhis is an estimate based 
on daia taken fiom the literature.) According to their figures this 
number drops to a minimum of 3.4 million by the cleventh week and 
then begins a gradual increase. By the fifteenth weck the red-cell count 
is 4.61 million, 

Examined inicroscopically, red corpuscles appear as homogencous, 
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structureless corpuscles. Etlorts to demousaate tibrillae ot an envelop: 
ing memInane have been fruitless, Erythrocytes consist of a (uid: or 
semilluid colloidal material enclosed by a thin protophamic membrane, 
which may diller somewhat in consistency tront he rest of the material 
of the corpuse le. Many investigators have speculated concerning the 
exact composition of this membrane, AC this point we will oily mention 
that itis ata calloicktl uaure and rich tn lipoids, Whitever the nate 
of dhis stelace layer iC is unquestionably the “functional” membrane 
of the cell, ‘Uhe thiid consistency of the material inside the eell is 
indicated by the fact that il the membrane is torn, the contents readily 
flow out, Moreover, parasites which gain access to the cells are able 
to move about lrecly. 

With certain stains (neutral red or cresyl blac) a delicate reticulum 
may be observed in some corpuscles. When first observed, this was 
reparded as constituding a framework by which the shape of the cor- 
puscle was maitained, Later iC was chought (o be an arcifact, due to 
the precipitadion ol certain substances in the corpuscles by the reageuts 
which had acted upon it Tt has since been shown that these cells are 
immature red cells (rediculocyles) and the reticulated effect ts produced 
by the precipitation of this basophilic protoplasmic substance in the 
fou of granules or filaments. The quantity of this reticulum has been 
correluted with age ol the cell, the younger lorms having more ol a 
reticulum, {tis nota definite structural entity in the living corpuscle, 

Red corpuscles contain about GF per cent water (by weight), $6 per 
cent hemoglobin, and the remaining 8 per cent is mace up af complex 
substances in varying amounts. Er rythrocytes are composed of hea 
globin (a conjugated protein) which gives the bload its red colar, anda 
siroma, On analysis, the latter seems to consist of cholesterol, a globulin, 
and lecithin, ‘Phe quantides of these constituents vary according (o the 
species of animals. 

When erythrocytes are exposed to oxygen, as in the lungs where 
oxygen tension is high, oxygen and hemoglobin form an unstable com- 
bination (oxylemoglobin). hn the tissues where the oxygen tension is 
low, the oxygen is released and the oxyhemaglohin becames reduced 
hemoglobin, The presence of oxyhemoglobin gives the bright ved color 
to blood in the arteries, while the presence ol reduced hemoglobin 
gives the dark color Lo venous blood, Using the Van Slyke modification 
of the ITaldane method, it has been possible to determine that L.34 cc. 
ol oxygen will combine with J gram ol human hemoglobin, Lt is likely 
that hemoglobin is not present in solution in the red corpusele but 
exists in the form of a colloidal gel. ‘Phe amount of hemoplobin present 
in the blood of men is somewhat higher: than for women, The average 
content far males, 10-80 years af age is [G21 grams per 100 co, af 
blood, and for females 17-30 years of age it is 13.84 grams according 
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to Wintobe, The hemoglobin values are higher i infants. Stearns and 
McKinley report an average of 22 grams per 100 ce. at birth, Vhis drops 
toa minimum benween the tenth and twellth weeks. “Phe amount ol 
hemoglobin then increases gradually, with ininor fhictuadons, but the 
normal adult level is not reached and maintained unui) alter puberty, 

When red corpuscles are placed in distilled water, (he hemaglobin 
passes [rom the corpuscles into the surrounding medium, ‘This extrac 
tion of the hemoglobin front the red corpuscles is known as Leaolysis, 
or “laking” of tbe blood, ‘The colorless corpuscles which remain after 
hemolysis ave called “blood ghosts.” Hemolysis occurs when the osmotic 
tension of the surrounding medium is low. Te may be produced by the 
action of certain alkalies, acids or by substances called Aemolysins, 
which are inoduced into or are formed in the issues. 

The plasma is an isotonic uid normally, that is, an isotonic balance 
is maintained between it and the corpuscles, Changes in the osmatic 
tension of the plasma result in changes in the form: of the corpuscles. 
When the solution in which the corpuscles are placed is hypotonic, 
water passes into the corpuscles which become cup-shaped, or splicrical 
ind hemolyzed, When they are placed in hypertonie solutions, water 
leaves the corpuscles, and they become shrunken with numerous tiny 
projections appearing on their surlaces (crenated corpuscles). In drawn 
blood and in circulating blood, if it becomes concentrated, the cor 
puscles form rows by adhering to one another on their flat surtaces, 
These rows bear a likeness to piles of coins and are known as rouleain. 

Substances may be produced by the tissues, under the influence of 
certain pathological conditions, which cause che corpuscles (o collect 
in chimps or masses, This is known as agghiination, “Che substances 
which produce this condition are known as agglutinins, Agglutinated 
masses of corpuscles (hrombi) may etuse the obstruction of a blood 
vessel and shut off the supply of blood to a given area, Hf this area is 
one of vital importance, as in the brain or walls of the heart, death 
is likely to result, 

A number of conditions affect the number of red corpuscles in the 
peripheral circulation. Exercise increases the red-cell count. ‘Chis in- 
crease is due to releasing cells that were stored in the spleen. Change 
in altitude (higher altitude) causes an increase which is almost imme. 
diate (within 20-30 minutes the blood count may increase 2-5 hundred 
thousand). With the lowered oxygen tension more red corpuscles are 
necessary to transport the required load of oxygen, Ghanges in the 
count occur during menstruation and pregnancy, During and after 
menstruation, Wintrobe found a decrease in the red-cell count. This 
may be accounted for by the loss through hemorrhage, Dydremia 
occurs normally with pregnancy and there is an accompanying slight 
decrease of erythrocytes, Alter delivery, however, the count rapidly 
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returns to normal, Glinute aud temperature have wo marked or pers 
manent effect, Sudden temperature changes may produce very tee 
porary effects due to loss of (nid through evaporation (sweating), “The 
most marked change in the number of red corpuscles is that which is 
produced by pathological conditions, 

Gonditions lowering the red blood cell count: 


1. Hemorrhage. -acute or prolonged bleeding. 

2, Phenylhydvasine poisoning which causes hemolysis, 

3. Fxposure to x-rays, ete, which causes bone marrow damage. 

4, Various tumor tissues which may invade the bone marrow. 

5. Disturbances of the development of the mature red blood cell as 
seen in perniciaus anentia. 

6. [lemolysis, 

7, Tron deliciency, 


Gonditions which increase red bload cell count: 


1, Various diseases: tuberculosis of the spleen, congenital heart 
disease (congenital pulmonary stenosis), polycythemia vera, and 
many others, 

2. Drugs and various poisonous substances: nicotine, calfein, ar- 
senic¢, opium, sodium nitrite, etc. as well as certain of the gases 
used during war, such as chlorine and phosgene, 


The red corpuscles present a mumber of unusual appearances when they have 
heen acted upon by poisons, or alleced by certtin pathological conditions, Lead 
poisoning leads to the precipitation of certain basophilic substances in the cor 
puscles in che form af granules which give chent a “stippled” appearance (stip ple 
cells), Other poisons may bring about a disintegration of the hemoglobin, which 
remains in the corpuscle in the form of small, acidophilic bodies (KrlichtIcins 
granuies), Remnants of fragmented nuclet may be retained in the form ob one o1 
two sharply defined, granular bodies (/owell-Jolly bodies): or the ringlike oudine 
of the nuclear membrane may remain alter the nuclear contents have disappeared 
(Gabot's rings), The forni of the corpuscle may be altered by assuming a sickle shape. 
as in sickle-cell anemia, 


Leucocy tres 

The leucocytes or white cells of the blood do not present a constant 
form, owing (o their capacity for ameboid movement, for which reason 
they belong to the class known as amorphous cells, Vhey differ rom 
erythrocytes in being generally larger, in the absence ol hemoglobin 
from their cytoplasm, and in the possession of a nucleus, 

The leucacytes are fewer in member than the erythrocytes, aver- 
aging about 8,000 to the cubic millimeter. Under varying physiological 
conditions the number of leucocytes per cubic millimeter may be as 
low as 6,000 or it may rise to 9,000, When the number falls below or 
rises above these limits, pathological conditions may be suspected. 
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Unlike erythrocytes, the leucocytes are functional only to a small 
extent in the blood stream, their greatest activity taking place in the 
connective Lissues, in which they may be found in considerable num- 
hers. By means of their capacity for ameboid movement they push the 
cells of the capillary walls apart and enter oy leave the capillaries 
(diapedesis), Thus (he blood stream serves mainly as a vehicle for 
(vansporting these cells from one place to another where their presence 
is needed, Nevertheless, although there is some variation in the numn- 
ber of leucocytes present in the blood in different parts of the bodly, 
it remains fairly constant for the blood as a whole. 

Two classes of leucocytes are generally recognized: nongranular 
leucocytes and granular leucocytes, The nongianular leucocytes are 
characterized by their clear, homogeneous, slightly basophilic cyto- 
plasm; the granular leucocytes (granulocytes) have a cytoplasm which 
contains numerous, characteristic granular boclies, 

NONGRANULAR LEUGOCYTES. Two types of nongranular 
leucocytes are present in the blood: (L) lymphocytes and (2) mono- 
nuclear leucocyles or monacyles, 

Lyapuocyites. Two sizes of lymphocytes are recognized in the 
blood, large lymphocytes and small lymphocytes, Intermediate-sized 
cells may also be present, Ifere attention should be called to the fact 
that the large and small lymphocytes of the circulating blood corre. 
spond to the medium and small lymphocytes of lymphatic tissue, The 
large lymphocyte of lymphatic Ussue is found only in the peripheral 
blood stream under pathological conditions, but it is normally present 
in the thoracie duct, the right lymph duct and the venous blood of 
the innominate veins, A most interesting question is, what becomes of 
these large lymphocytes of the thoracic duct? 

The lymphocytes of the blood (measured in dried smears) vary in 
size from 6-12 microns, ‘The small lymphocytes measuring from 6-8 
microns in diameter (being about the size of an erythrocyte), and the 
large lymphocytes being about 10-12 microns, In fresh blood their size 
is somewhat smaller, ‘They make up from 20 to 25 per cent of the 
total white blood cells. 

Tn. stall lymphocytes the nucleus is so large, relatively, that it fills 
nearly the entire cell, leaving only a narrow rim of cytoplasm around 
the onter margin of the nucleus, ‘The amount of cytoplasm is so small 
in quantity that it is invisible with ordinary magnifications and in 
ordinary preparations the nucleus is tne only part of a small lympho- 
cyte which can be identified, The large lymphocyte differs in having 
relatively more cytoplasm than the small lymphocyte. The nuclei of 
both cells usually show an indentation on one side. his indentation 
is more obvious in the large lymphocyte. The nucleus of the small 
lymphocyte is filled with a mass of granular chromatin which stains 
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intensely with the basic dyes. “The nuclei of the large lymphocytes, due 
to the finely granular condition of their chromatin, stains somewhat 
lighter, With the introduction of the use ol tissue culture asa means 
of studying cells, it has been demonstrated that lyuyphocytes are motile. 
Their movement is very charactevistic. The ecll clangates, sends aut 
a process of protoplasm and advances with the nuclear material in the 
front part of the eci. Vhe cytoplasm of these cells stains a pale blue 
(basophilic), Dry smears stained by the Romanowsky method show a 
variable number of azurophilic granules in the cytoplasm of some of 
the cells. ‘They have been interpreted by some as representing certain 
phases of cellular activity. These granules are also present in the cyto- 
plasm of monocytes. Not all monocytes, however, contain these azure 
granules. : 

In the normal adult, the lymphocytes of the blood develop from 
the undifferentiated reticular cells in lymphoid tissue (lymph nodes, 
tonsils, spleen, nodules throughout the alimentary tract, ctc.), These 
jeticular cells should not be confused with the histiocyte (phagocytic 
reticular cell), The lymphocytes then enter the blood stream by passing 
through the walls of the small venules in their immediate neighbor. 
hood, It is not known what their function is in the blood, but they are 
thought (o develop into monocytes and plasma cells, Neither do we 
know how long they live and circulate.t is believed that large numbers 
of (hem leave the body by way of the gastrointestinal tract, 

Monoeyrrs: (MONONUCLEAR L&ucocyres), Monocytes are large 
cells having an average diameter of [2-15 microns, o1 even more. 
They constitute from 8 to 6 per cent of the leucocytes of the blood., 
‘The nucleus is located eccentrically in the cell, and is deeply indented 
ov horseshoe-shaped, It is pale int stained preparations, awing ta the 
finely gyanular character of the chromatin. Their abundant cytoplasm 
has a slightly basophilic reaction, and may show vacuoles, It is claimed 
that both mitochondria and a Golgi apparatus are present. With the 
proper stain, avurophil granules may be scen, The large monocytes 
show greater activity than the small ones. As they move they send out 
many pseudopodia of varying sizes and shapes, The origin of mono- 
cytes is still being questioned. Some say they are derived from lym- 
phocytes, This claim is based primarily on the fact that there are a 
number of intermediate forms which can be identified, which link 
them with the lymphatic series, and which indicate that they are 
derived from these cells by a process of growth. It may be that they 
develop directly trom the hemocytoblast. lt is possible they may have 
more than one origin, Development of the monocytes takes place, for 
the most part, in the splecn, liver and bone marrow, Some are formed 
in the lymphatic tissue and in the loose connective tisstie, They func- 
tion as phagocytes, In areas of inflammation. they leave the blood 
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Jie 19 Cells of normal human blood (mear preparntion). (A) Wiight’s stain, del 
blood cotpuscles: a’) neuttophilic leacocs te; a”) blood platelets (8) Lyniphocy tes; (y+) 
small lymphocytes; (b") Imge lymphocytes. (C) Monocytes; note tha diflerence in. the 
shape of the nuelel; those of the younger ceils being less indented than those of the older 
cells, Granules are present In some of the lymphocytes; also In some of the monocs tes 
(D) Nevtophilic lencocytes, (8) Kosinophilic leucocytes, CF) Basophille lencoustes 
(Coutesy, Bramert “ Lesthook of Istology,” Philadelphia, The Wakision Company.) 
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stream, migrate into the inflamed tissue and hee they hypertrophy 
and take on the characteristics of macrophages, [Cis passible that they 
may develop into fibroblasts or intcrophages. 

GRANULOCY'TIS: GRANULAR LIEUGOGY PES; POLYMOR- 
PIIONUCLEAR LEUCOOYTES, Phe glanulocyles are characterized 
by the possession of a lasge amount of cytoplasm which is filled with 
numerous gianules. Lhe granules diller in size, in their refractive prop 
erties, and im their allmiry lor the acid or basic dyes, these properties 
being characteristic for the type ol cell in whieh they appear, 

Another chanieteristic of the granulocytes is the form of the nucleus, 
which generally presents Leo ar mare lobes; the lobes being united by 
a delicate Unead of nuclear material, The lobes may be separated in 
cells which are, presumably, undergoing degenerative changes. The 
variety of Jorms which these nuclei present has led to the use of the 
term “polynorphonuclear leucocytes,” a term which has been short- 
ened by common usage to “polymorphs.” After birth these cells arise 
from the myelocytes of the bone marrow and enter the circulation, by 
means of their ameboid movement, through the thin walls of the 
venous sinuses. 

"Lhree types of granular leucocytes have been recognized according 
to the staining properties of their granules, ‘These are ue: (1) neutro- 
philic leucocytes; (2) eosinophilic leucocytes; and (8) basophilic leuco- 
ples, 

Neurropuilic Leucoev ius: Huterorutiig Liucocyres (NEUTKO- 
vis), Neutrophilic leucocytes are large cells having a diameter of 
10-12 microns, These cells are the most numerous of the white cells, 
constituting trom 60 to 70 per cent of the leucocytes of the blood, The 
cytoplasm itself is homogeneous, but it is filled with fine, closely 
crowded granules which react to both the acid and basic stains, The 
result is a characteristic purple, or lilac color (neutral stain), In the 
younger cells, the cytoplasm stains bluish (basophilic) and the granules 
are bluish purple. With age, the cytoplasm stains faintly acidophilic 
and the granules are more reddish purple, The chemical composition 
of the granules is unknown, Neumann thinks they carry enzymes or 
enzymelike catalyzers. In young adult cells, the nucleus is band- or rod- 
shaped hut later divides into two or more lobes which are united by 
fine strands of nuclear material, The network of chromatin threads 
stains rather deeply. The chromatin is more compact in older cells. 
There are no nucleoli present in the neutrophils of the peripheral 
circulation. 

The lobation of the nucleus has been the basis for the classification 
of these cells according to their age. Arneth believed that there was a 
high correlation between age and number of lobes, On this supposition 
he devised five classes of cells according to whether the cell has one, 
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two, three, four, or five nuclear segments. ‘Che older cells supposedly 
have the greater number of nuclear segments, however, lobes are not 
necessarily added one at a time, The Arneth count was used as an indi 
cation of bone mairow response to infections, since there is a shift vo 
the more simple nuclear lorm. 

Schilling has devised a simpler method based on this same general 
idea which has replaced the Arneth count, He divides the cells into a 
class of unsegmented nuclei (“stab” nuclei) and segmented nuclei. 

The neutrophilic leucocytes are very actively ameboid and phago- 
cytic, They have been estimated to move along at the average rate ol 
34,1 microns per minute at 37° G. They progress by means of pscuco- 
podia, which in these cells are “blunted” projections of cytoplasmic 
material, Neutrophilic leucocytes are not found abundantly in the 
tissue spaces under normal conditions, but are confined to the blood 
stream in which they are, as a rule, phagocytically inactive, When the 
tissues are invaded by bacteria, or allected by other conditions (inflam. 
mations) which result in the destruction of the tissue elements, the 
neutrophils leave the blood stream and gather in the affected area 
where they are active in the ingestion of the invading organisms, or 
tragments ol necrotic tissue, which they destroy by a process of intra. 
cellular cligestion, Because of this activity they are regarded as a ‘first 
line of defense” against infections. 

Several things may cause a physiological leucocytosis (inerensed 
number). There is a daily variation which occurs; before rising in the 
morning, the leucocyte count is low, by afternoon it has increased as 
a result of physiological activity, Pain, exercise, mental shock also cause 
a physiological increase in these cells, 

We do not know exactly how long these cells live in the blood, but 
it is likely their life span amounts to only a few days, They are prob- 
ably removed from the body, in part, by the phagocytic cells of the liver 
and spleen, They are also climinated in the saliva and through the 
niucosa of the intestine. 

Kostnopuitia lL wucocyres; Acmoruitic Leucocy rns (HOSLNOPHILS), 
Eosinophilic leucocytes are practically the same size as the neutrophils, 
having a diameter of 10-12 microns. They normally make up from 
2 to 4 per cent of the white cell count in the adult, but in children it 
is somewhat higher (6 per cent), According to Domarus, the number is 
slightly higher in the morning when a person first gets up than during 
the rest of the day, An eosinophilia is said to exist in the adult if the 
count goes above 4 per cent, 

The nucleus of these cells usually consists of two lobes (rarely three) 
and stains somewhat lighter than the nuclei of neutrophils. ‘There 
are no nucleoli, The cytoplasm stains faintly pink and is completely 
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filled with lage, highly vehactive granules which stain a deep ved color 
with the acid dyes (eosin), Maximow believes these granules are mile 
up of proteins and lipoids, Eosinophils ave nat vigorously ameboid, 
their movements are ordinarily slow and the pseudopodia which they 
form are not extensive, However, they etn move us quickly as neutio- 
phils, but only tora short time. Recent findings indicue that these 
cells may act ay phagocytes, Phe function of these cells is not quite 
clear; however, they do increase with great rapidity under certain con- 
ditions, such as tiriuuing intections of the skin and the invasion af 
the tissues by parasites and in alleigy. They are thought to be related 
to the metabolism ol protein. ‘They are especially abundant in the 
tissues, bronchi and blood sticam in cases of bronchial asthma, They 
are normally present in many tissues: mucosa of the digestive tract, 
bone marrow, lymphoid organs, and are numerous in the lactating 
breast, The cosinophils ol the blood and those of the connective tissiies 
are identical, 

Basoriniic Taucocyrres (Basopnius), Morphogenically there are 
two types of basophilic cells in the body: the basophilic lencocytes of 
the blood and the basophilic cells of the tissues (mast cell). These two 
cells have only one thing in common, that is chit basophilic staining 
granules, In marnnals the mast cell of the connective tissues may arise 
from several sources; the basophilic leucocyte, however, is derived 
from the myeloid clements of the bone marrow, 

The basophilic leucocytes are somewhat smaller than the other 
granulocytes, (heir diameter varying from 8-10 microns. They are the 
least nuinerous of the granulocytes, constituting from 0,5 to 1 per cent 
af the total number of the leucocytes of the blood. ‘They are not actively 
ameboid, but move about more slowly than either of the other gramulo- 
cytes, The nucleus is polymorphous, consisting of three, rarely more, 
relatively large lobes. Tn stained material the nuclei are pale (the 
chromatin network fs loosely arranged) and may be almast completely 
obscured by the deeply stained granules which fll the cytoplasm, The 
cytoplasm is homogeneous and stains faintly acidophilic, Trregularly 
scattered (hrough the cytoplasm are a number of highly refractive 
round granules of variable size, which stain intensely with the basic 
dyes, These granules are water soluble and with ordinary staining 
procedures are usually partially or completely destroyed. While it has 
been believed rather generally that these cells are not phagocytic, both 
Betances and Ringogen report them capable of phagocytic activity. 
The function of these cells is not Known, but their reactions in response 
to certain pathological conditions have heen observed and are of inter 
est. During acute inflammatory reactions aud in infectious diseases hey 
disappear from the blood stream. They may be increased in polycy- 
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themia, myelogenous leukemia, tuberculosis and cirrhosis of the liver, 
A decrease in the munber of basophils takes place alter the injection 
of adrenalin and thyroxin, and after infection with syphilis. 


Bioop Plate ceis: ‘CHROMBOGY Lbs 


Blood platelets are small, non-pucleated masses of protoplasm one. 
hall, or less, the size ol an erythrocyte (2-4 microns). “Their mamber 
averages about 260,000 per cubic millimeter, Blood platelets are pro. 
duced by giant cells (megakaryocytes) in the hone manow. The mega- 
karyocytes extend long pscudopodia into the capilkuies by pushing 
aside the cells of the capillary walls. ‘The ends of these pseudopadia 
are constricted off and float away in the blood stream lo become blood 
platelets. ‘They are round or oval, but are frequendy found presenting 
an inegular (stellate) oudine. They consist of a dear, hyaline, outer 
protoplasm (Aydlomere) which encloses a granular, chromatic portion 
(chromomere), ‘This inner granular core has been mistaken for a 
nucleus. 

The theory of the process of blood clotting may be given in the 
lollowing manner: 

1. Prothhombin + thromboplastin -- calcium = thrombin 

2 Thombin +- fibrinogen == fibrin, 

‘The exact mechanism involved in the first step in blood clotting is 
still a controversial point, so the following discussion is based on 
Howell’s inter pretation of the process, Thrombocytes are lainctionally 
telated to the clotting of blood and whenever clotting oecurs clusters 
of these thrombocytes appear with threads of fibrin extending from 
them, A substance, antiprothrombin, is present asa normal constiment 
of the blood, Ordinarily it exists in combination with prothrambin 
thus preventing the formation of clots in the circulating bloed, When 
the blood is exposed by injury to the vessels, or by other means, the 
thrombocytes and the damaged tissue cells are believed to release the 
substance, thromboplastin, which combines with or neutralizes the anti- 
prothrombin. The prothrombin thus released from the antiprothron- 
bin is lree to react with the calcium to form thrombin, The thrombin 
teacis with fibrinogen of the blood and the latter is precipitated in the 
form ol fibrin threads, thus forming the stroma of the clot, The ina- 
bility of the thrombocytes to release a sufficient amount of the throm. 
boplastin is regarded as a factor in the condition known as hemophilia, 
in which the blood continues to flow without clotting, even when the 
extent of the injury is slight. 

During the day there is a slight physiological change in the number 
of platelets. Both hunger and severe exercise cause an increase in thelr 
number and a marked increase occurs alter most operations, Before 
the onset of menstruation, the number of platelets decreases, Pregnancy 
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also alfects the platelet nuntber, During the course of plegnancy there 
is a gradual increase which becomes accelerdted toward the end of 
pregnancy, and during ltbor the number decreases, but rises again alter 
the end of labor. 


Lemoconia 


Hemoconia (sometimes called blood dust) are small, vibrating par 
eles found in the plasma, Their exact nature is not known. ‘They are 
about as large as the granules in granular leucocytes and it has been 
suggested that they may be extruded granules, but there is no adequate 
proof of (his, Another suggestion is that they are the particles of cis- 
integrating red blood cells, It is of interest that the number of these 
hemoconia is greatly increased in chronic mycloid leukemia and that 
they decrease in uenber in aplastic anemia, 


CHYLOMICRONS 


Other bodies which occur in the blood are small globules of fat, 
called chylomicrons, which are especially abundant alter a meal in 
which a considerable quantity of lat is present, 


LYMPH 


Lymph is a colorless fluid which is contained iu a series of vessels, 
the dyn phatics, Alhough the lymphatics communicate eventually with 
the blood vessels, the lymph differs in several respects from the blood, 
having a lighter specific gravity, and containing no red corpuscles, 
platelets or fibrinogen. On the other hand, i contains numerous lym- 
phocytes and a few granulocytes, Lt also coagulates, but quite slowly. 
appears to be intermediate beuween the tissue fluids and the blood, 
Unlike the blood it coes not carry oxygen, but may contain consider- 
able quantities of carbon dioxide, Digested fats are transferred to lym- 
phaties (lacteals) in the wall of the intestine, giving the lymph a milky 
appearance (chyle). 


THEORIES OF THE ORIGIN OF BLOOD CORPUSCLES 


During the entire life of the individual new blood cells are being 
formed to replace the cells of the peripheral circulation that are dying 
or being destroyed. [In the adult the lymphocytes and monocytes cle- 
velop in lymphoid tissues and for this reason are called lymphoid 
elements, The remaining blood elements (erythrocytes, granulocytes 
and bload platelets) develop normally in the red marraw of (he hones; 
this is mycloid tissue and the cells developed there are called the 
myeloid elements, Certain pathological processes in the adult may 
interfere with the normal development of blood cells in the bone mar- 
row, and under these circumstances it is possible lor the spleen, lymph 
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nodes and liver to again take over the function of Lomung blood cells 
(hemopoiesis). This type of blood Jormation is known as evéramedul- 
lary hemopoiesis (extramedullary myelopoiesis), a 
Although a great deal of attention has been given to the origin ol 
the formed elements of the blood, the diferent interpretations ol the 
“results of these studies have led to a contusion of ideas by which the 
subject is still greatly obscured. The point around which the contro: 
versy occurs is whether, after birth, all cells of the blood originate from 
a common stem form, or whether more thin one stem cell form exists, 
As a result of this disagreement two main schools of thought have 
developed, One, the monophyletic (unitarian), which is supported hy 
Pappenheim and Maximow, and which is adhered to in this text, has a 
single stem cell with polyvalent potentialities. This cell is designated as 
a “lymphoidocyte” or “hematocytoblast,” It is a constituent of all adult 
hemopoietic tissue and from this stem cell are said to be derived all 
of the blood cells. The second gioup, the polyphyletics, refuse to rec. 
ognize this cell as the progenitor of all blood cells, but in turn they 
fail to agree among themselves as to whether there are two or three 
stem cells present from which the blood cells arise, Because of this 
they have formed two groups within the “polyphyletic’ ranks. The 
dualists, represented by hrlich, Naegeli and Piney, believe chat there 
are two stem cells giving rise to the blood cells. The granulocytes and 
monocytes arise from a common stem cell, the myeloblast, while the 
lymphoblast gives rise to the lymphocytes, They fail, however, to agree 
concerning the origin of the red blood corpuscles. According to Naegeli, 
the erythroblast is derived directly from the myeloblast. Piney thinks 
the erythroblast develops from the reticulo-encothelial cells, Sabin and 
her colleagues (the drialists), believe there are three stem cells (derived 
‘from primitive free cells, which in turn were formed from undiffer- 
entiated reticular cells), one for each of the types of blood cells, The 
myeloblast of the bone marrow is the progenitor of the granular cells, 
the lymphoblast of lymplioid tissue is the parent cell of the lympho- 
cytes, while the monocytes stem from monoblasts of connective tissue. 
According to Sabin, et al., the ved blood corpuscles originate from 
reticulo-endothelial cells lining the blood vessels of the bone marrow. 


CELLS IN BONE MARROW AND THEIR DEVELOPMENT 


IMMATURE CeLis tn Bone Marrow 


The immature cells in bone marrow are those which represent the 
different stages through which the mature cells have passed. The first 
formed clements of the blood arise, in the embryo, from the primitive 
mesenchyme. The cells of reticular tissue retain the characteristics of 
mesenchymal cells, and are more nearly like them that those of any 
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other tissue of the adult body. ‘This is especially tue of the tissue 
which Jorms the Iramework of the lymphoid aigens and of the bone 
marrow, Not only do the revienlar cells possess marked phagorytic 
properties (sce redculaendothelial system, po $8), buc they ave able ta 
tree themselves from the reticulin and undergo extensive changes. 


Marore Gents in Bone Marrow 


The mate cells which are present in bone marrow, with the 
exception of certain forms to he described Jater, are lymphocytes, 
monocytes, granulacyles (Hentraplils, eosinaphils, and basophils) and 
erythrocytes, These cells are similar in all respects to those found in 
the blood stream. They are intermingled in the marrow with the ouher 
mycloid elements, and are to be regarded as a reserve supply, ready to 
enter the blood stream as they are needed. 

LYMPHOCYTES. In the lymph glands and other tymphoid organs 
undifferentiated reticular cells give rise to the large and medium lym- 
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Fu. 50, Section of bone marrow of a rabbit (from Maximow). (A) Artery. (Ret) Retice 
lay cells: (Fife!) Uemocytoblnst in mitosis, (Sim) Small lymphocyte, (Meg) Megakaryos 
cyte with ingested neurophilie leucocyte, (bi mad Pehbl) Proerythroblasts, (Pehbl) 
Proerythreblnats in mitosis, (Paic) Promyelocytes, (Pic) Vlusma cells. (inl) Heterophil 
myelocytes, (Hin) Rostnophil myelocytes, (fic) Mrytivacytes, (Courtesy, Maxinaw itud 
Bloom: ““Costhook of Histology,” Philadelphin, W. Wi. Srundeis Go.) 
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phocytes ol lymphoid tissue. ‘heir cytoplasm: is basophilic. the nuciei 
stain rather lightly and contain usually ene or more nucleoli, ‘These 
cells multiply by mitosis, in the germinal center al the lymph nodules 
and throughont the lymphoid tissue, ‘Phe products of this division ave 
the small lymphocytes, which then enter the circulation, ether hy 
penetrating the capillary walls of the blood vessels in the immediate 
neighborhood or entering the lymphatic vessels first and then reaching 
the blood circulatory system, 

The advocates of the “unitarian” theory believe the primitive cells 
of the bone marrow and the larger lymphocytes are identical, merely 
differing in their location, According to them, these cells farm the 
common stem cell or hemocyloblast which has the potentialities of 
differentiating into the various blood cells, Moreover, they believe that 
lymphocytes have the capacity of reassuming mesenchymal potentiali- 
ties, The “dualists,” however, claim that the primitive cells of the 
marrow are not the same as the large lymphocytes. ‘They call these large 
lymphocytes, dun phoblasts, and believe (hey give rise only to cells ol 
the lymphoid series, of which the small lymphocyte is the final stage. 

MONOGYTES, Many investigators (unitarians) believe that lym- 
phocytes may develop into monocytes. ‘Phey base their conclusion on 
the presence of transitional forms beuveen lymphocytes and monocytes, 
which makes it very difficult to diflerentinic between the two. They also 
believe that the monocyte develops directly from hemocytoblists. 

Several other origins ave given for monocytes. Mallory, Moot, Tess 
and others describe the monocytes as developing from endothelium, 
Aschoff and Kiyono say they develop from histiocytes, while Sabin and 
her colleagues give the monoblast as the parent cell, 

The monocytes are actively phagocytic and are highly specialized, 
since they scent to he, with few exceptions, incapable of further civi- 
sion, A small number of tymphacyics and monocytes are present in 
bone marrow, where, in all probability, they have their origin, The 
greater number of the cells of the lymphatic series, however, originate 
in the lymphoid organs, for which reason they are referred to as 
lymphoid elements, 


BLOOD CELLS OF TITER MYELOID SERIES 


The cells whose origin is restricted to the bone marrow constitute 
the myeloid elements of the blood, They are principally the erythro: 
cytes and Lhe granular leucocytes, Another constituent of myeloid tis. 
suc is the megakaryocyte which is supposed to give rise to blood 
platelets, A few lymphocytes and monacytes are also found in this 
tissuc. There is considerable evidence to support the belief that, when 

certain pathological conditions interfere with the formation of these 
elements in the marrow, they may be formed in the spleen and lymph 
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glands. The lonmation ob erythrocytes inthe dymiph gbinds, under these 
conditions, is lairly well established, 

‘The first progenitors of the erythracytes and granulocytes in the 
bone marrow ave derived from the teticular cells. Chese cells separite 
themselves om the reticulin, but remain in the marrow. ‘Their cyto. 
plasm becomes strongly basophilic and may be vacuolated, There are 
no specifte granules Dut once ina while azurophilic granules may be 
seen, Their uuclei enlarge, the chromatin forming a delicate reuculun, 
Two, or more, deeply staining nucleoli are frequently present. They 
have a diameter ol 15 microns, or more, These cells are the hemocyto- 
blasts Qnyeloblasts in clinical literature), or the stem cells from which 
thé erythrocytes and granulocytes of the blood stream are derived. 

GRANULOGY’EES, The order of development of granulocytes is: 
reticular cells ~» hemacytoblasis (myeloblasts) > promyclocytes ~» mye: 
locytes > metamyclocytes > aud granular leucocytes, 

The hemocytoblasts ave translormed directly into promyelocytes 
which are cells with a somewhat less basophilic cytoplasm. A few gran- 
ules make their appearance in the cytoplasm in the region of the 
nucleus, According to the staining propertics of their granules, these 
cells are known as neutrophilic, eosinophilic, ov basophilic promyelo- 
cytes, Since Chese changes lake place rather rapidly, only a relatively 
small number of hemocytoblasts are (o be found in adult bone marrow. 

The promyelocytes divide rapidly; the cells formed by these divi- 
sions becoming ayelocyles, which ave the most munerous of the cells 
of the bone marrow, Myclocytes are to be distinguished from promye- 
locytes by (heir somewhat sualler size, a reduction of the basophilia 
of their cytoplasm, and an increase in the number of granules which 
the cytoplasm contains, The greatest increase in the number of cells 
in the marrow is due to the mitotic divisions of the myclocytes. Alter 
an unknown number of generations of these cells have been produced, 
their nuclei undergo transiormation which point to their future lobu- 
lation. The cells in which these nuclear changes can be observed are 
known as metanyelocyles, Through a still turther reduction of the 
basophilia of their cytoplasm an increase in the number of the granules 
and the assumption of a horseshoe-shaped nuclei, the metamyclocytes 
ave transformed, according to the character of their granules, into 
newrophilic, eosinophilic and basophilic leucocytes, 

ERYTHROCYTES, The erythrocytes also originate from the hema- 
cytoblasts and pass through a somewhat similar series of transforma- 
tions: hemocytoblasts (myeloblasts) > proerythroblasts > erythre- 
hlasis -» normoblasis +» reticulocytes > and erythrocytes, 

Hemocytoblasis become proerythroblasts (megaloblasts) with the 
sre ofa small amount of hemoglobin in their cytoplasm. These 
cells are large, with large nuclei, ‘The chromatin is rather scant and has 
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a delicate meshwork arrangement. “The nuclei contain well-detined 
nucleoli. is sc 

In the proerythroblast only a small amount of hemoglobin is present 
and (he cytoplasm is predominantly basophilic, The proerythiroblasts 
divide mitotically to become erythroblasts. ; 

Erythroblasts are to be identified by a considerable increase in the 
amownt of hemoglobin in their cytoplasm aud by nuclei in which the 
coarse masses of chromatin asstune what is known asa “checker-board" 
arrangement, These cells are somewhat smaller than the proerythro- 
blast, The increase in the amount of hemoglobin in the cytoplasm of 
the erythroblasts (many generations are present, and in cach succeeding 
generation the amount of hemoglobin is increased) results ina variety 
of colors in these cells, when the usual blood stains ave employed, 
These may range from the blue of the carlicr generations to purple 
or lilac in the later generations. Owing to the diversity of colors which 
may be observed in these cells, they are said to be polychromatophilic, 
The erythroblasts undeigo repeated divisions and become smaller, 
There is an increase in the hemoglobin content of their cytoplasm, bo 
the extent thal it gives the acidophilic reaction of mature corpuscles 
in stained smears, These cells are now known as vormoblasts, 

In the younger forms of the normoblasts the nuclei are relatively 
large and appear reticular, while in the older cells they are smaller and 
the chromatin is dense and stains deeply, The number of normoblasts 
also increases by division, the nuclei in each generation of these cells he- 
coming smaller and more deeply staining. Chis continues until the 
nuclei are shrunken and pyknotic, alter which division of the cells 
ceases, Finally the uucleus is extruded fram the cell, and the normo- 
blast becomes a reticulocyte or young erythrocyte. 

Reticulocytes are similar in appearance to the erythrocyte of the 
peripheral circulation, except that they contain a delicate reviculam in 
their cytoplasm which can be scen only if the cells are stained with some 
supravital slain such as cresyl blue, ‘These cells are usually restricted to 
the bone marrow, only a lew of them (0.5 to 1 per cent of erythrocytes in 
peripheral blood) escaping into the peripheral circulation, With the 
loss of the reticulum, the reticulocytes become the mature erythrocytes 
of the blood stream, 

Various views are held regarding the manner in which the nucleus 
of the normoblast is disposed. One conception is that the nucleus is 
fragmented and resolved into the suhstance of the corpusele, In some 
cases these fragments are said to persist as the Howell-Jolly bodies. 
Others hold that the nuclear substance is dissolved in the stroma of 
the corpuscle, the nuclear membranes sametines remaining as the 
Cabot rings, The general belief is that, whether or not the nucleus is 
fragmented, it is extruded from the body of the corpuscle, The presence 
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of nuclei among groups of erythrocytes In the bone marrow strongly 
supports this view. 

MEGAKARYOGY'TES, Megakaryocytes are giant cells which are 
found in the bone mautow, and which may appear in the blood stream 
at times, Their abundant cytoplasm is clear and homogencous. The 
large nucleus is divided info a number of irregular lobules, and is 
frequently horseshoes ov ring-shaped. Numerous centrioles may be 
demonstrated, and mitochondria and a Golgi apparatus have been 
described, "These cells are usually irregular in form owing to their 
capacity for ameboid movement. 

Altera time, megakaryocytes undergo degencrative changes, In this 
condition they may enter the blood stream and are carri¢d to the lungs, 
in the capillaries of which they are destroyed by autolysis, It is reported 
that blood platelets are more numerous in the lungs than elsewhere in 
the body, Under pathological conditions unmodified, as well as modi- 
fied, megakaryocytes may enter the blood surcam and become so numer- 
ous in the capillaries of the Jungs as to obstruct the flow of the blood, 

Megakaryotytes are formed by an increase in the amount of the 
cytoplasm, and hypertrophy of the nuclei of the hemocytoblasis. Con- 
strictions are formed in the nuclei as if they were about to divide. 
These constrictions, however, do not deepen to the point of division, 
hut, instead, give the nuclei their irregularly lobulated appearance. 


SUMMARY 


GOMPOSITION: L, Gellular clements 
a. Red blood corpuscles 
b, White blood cells 
c Thymocytes or platelets 
2 Fhtid mawwix (plasma) 
8. Potential fibrous clements (fibrin) 
QUANTITY: Volunie of blood in the body has been estimated 
(using the dye method) to be about one-twelfth the body weight. In the 
average adult this amounts to approximately 6,000 cc. 
Cellular clements of the bleod: 
a. Erythrocytes (red blood corpuscles) 
b. Leucocytes (white blood cells) 
(1) Nongranular 
(a) Lymphocytes 
(b) Monocytes 
(2) Granular 
(a) Neutrophils 
(b) Eosinophils 
(c) Basophils 
(3) Thymocytes or platelets 
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White blood cells dil: liom red blood corpuscles as lollows: 
a. Are generally larger than red blood corpuscles 
b, Contain no hemoglobin 
«. Possess a nucleus 

PLASMA: Tt isa fluid that contains albumin, globulin and inor- 
ganic salts, It is slightly alkafine, feels “soapy” and has a yellowish color. 

SERUM: is blood minus fibrin and the formed elements, It ap- 
pears asa thin yellowish fluid. 

HEMOCONIA (BLOOD DUST): we small, vibrating granular 
particles Jound in the plasma, Exact nature or function of these 
particles is unknown, 

CIIYLOMIGRONS: Small globules of fat which occur in the 
blood, particularly abundant alter a fatty neal. 

LYMPH: A colorless fluid, containing numerous lymphocytes and 
a few granulocytes, which flows in lymph vessels, It has a lighter specific 
gravity than blood, and contains no red corpuscles, platclets or fibrin- 
ogen. 
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Muscular Tissues 


The muscles are the contractile tissues of the body, Three kinds of 
muscle tissue are recognized on the basis of certain structural and 
functional differences: smooth or nonstriated, striated oy skeletal, and 
cardiac muscle, The individual has no control over the contraction of 
smooth muscle, hence this type of muscle is said to be involuntary. 
Striated muscle is spoken ol as voluntary muscle because, lor the most 
part, ils movements are the result of volitional impulses, Cardiac muscle, 
being independent ol the will, but having striations, is called striated 
involuntary muscle, 

SMOOTH MUSCLE 

Smooth muscle consists ol spindle-shaped (lusilorm) fibers, with the 
nucleus occupying the center ol the fiber in its thickest part, Usually 
the fibers are arranged in layers or sheets, with the fibers parallel to 
one another, as in the walls of blood vessels, They may also be arranged 
in bundles in which the fibers are parallel, but with the bundles them- 
selves forming layers which lie in different directions. This arrange- 
ment is seen in the wall of the intestine, the wall of the urinary bladdet 
and in the uterus, The fibers may occur singly, or in small bundles, in 
association with certain structures such as (he hair follicles, 

Smooth musc¢le, except for that found in the muscle of the iris of 
the eye and the arrectores pilorum (muscle to the hair)-which is derived 
from ectoderm, is developed from mesenchyme (mesoderm). In the 
embryo, myoblasts develop by differentiation from the mesenchymal 
elements, Later, already differentiated myoblasts divide to form new 
myoblasts, Formation of new muscle fibers docs not occur in the adult, 
with two possible exceptions: the uterus during pregnancy, and muscle 
cells in relation to vascular buds in wound healing, In the former case 
it is believed that under the stimulus of the female sex hormones (as 
demonstrated in rabbits) smooth muscle cells undergo mitosis and 
hyperplasia, or undifferentiated calls may form new muscle cells, In 
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the latter situadion the new muscle fibers of the young vascular sprouts 
are thought to arise from primitive perivascular cells, 

The fibers of smooth muscle vary considerably iit size. Tr the walls 
ol the smaller arteries they may be only 0.06% 0.02 mm. in length 
(15-20 microns), The average length of the fibers in the wall of the 
intestine is 0.2 nun. In the pregnant uterus smoot muscle fibers may 
attain a length of 0.5 nm, or more (approximately 500 micrans), Fibers 
vary in width from 3 8 microns. 

Owing to their closeness to one another and the manner in whieh 
they overlap, it is extremely difficult to observe the form of the thers 
in longitudinal sections of smooth muscle, ‘They are usually arranged 
so that the thin portion of ong fiber lies on the thick portion of another, 
When separated from one another, as in teased preparations, etch (ther 
is seen to be an elongated structure which is thickest in its middle 
portion, hom which it tapers more or less gradually according to its 
length, to its tapered ends, An oval or 1od-shaped nucleus i is Jocated in 
the central portion of the fiber in its thickest part, ‘The nucleus con. 
tains a number af small chromatin gianules and is surrounded by a 
mass of granular protoplasm, When the fiber is in the contracted con 
dition, the nucleus may appear to be bent or twisted, 

When viewed with the higher powers of the microscope, the fibers 
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Fie. 61. Smooth muscle fibeis (A) Cella of smooth moscle Hssue fom the wall of ibe in 7 
tesine (8) Smooth muscle cella fram: teased uterine muscle, é 
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present a faint longitudinally suiated appearance, ‘Phis is due to the 
ptesence of a number of delicate librillac (ayopbrillar) which extend 
from one end of the fiber to the other, ‘Vhe fibrillae are regaded as 
the contractile elements of the fiber. A number of stiff protoplasmic 
fibrils which lie outside the myofibrillae are known as border fibrils 
(myoglia). The border fibrils can be demonstrated by the use ol special 
stains (Mallory's phosphotungstic acid hematoxylin) and can be scen in 
some cases to pass rom one [ber to another, 

The myolibrillae are surrounded by a fluid protoplasmic substance 
(strcoplasm) which fills the body of the fiber. The granular cytoplasm ¥ 
sutrounding the nucleus is an undifferentiated form; the myofibrillae 
and sarcoplasm being diflerentiated forms of protoplasm. The proto- 
plasin at the surlace of the fiber is still lurther differentiated and forms 
a thin membrane (plasma membrane) by which the substance of the 
fiber is invested. The myolibrillae have the same structure throughout 
and are not marked by alternate light and dark bands as in striated 
muscle, 

In transverse sections of smooth muscle, the fibers are large and 
round where the section is through their thicker portions, but become 
smaller and more irregular in size as the section passes through the 
portions nearer the ends, Where the nuclei appear in transverse sec- 
tions Uncy are seen to occupy the center of (he fiber. In properly pre- 
pared sections the myolibvillae appear as minute bright dots arranged 
around the nucleus, 
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ro. 54, Cross and longitudinal sections of smooth muscle. A nerve plexus fs shown 
between the tivo layers of muscle. 
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Opinions differ regaiding the manner in which the fthers are 
attached to one another in the tissue, One view is that they are miacde 
lo adhere to one another by a cement substance which is applied to 
their surfaces. Another view is that they are allached by protoplasmic 
bridges which pass trom {ther to fiber, in which case smooth muscle 
would form a syncytium, As has been indicated, the border fibrils may 
pass [rom one fiber to another, bat whether this represents a syncytial 
condition is questionable, In. preparations which have been stained 
with selective dyes, delicate reticular and clastic fibers can be demon. 
strated around the individual fibers of smooth muscle. Binding the 
fibers together in bundles are thin layers of collagenous and clastic 
tissues, 

In stained longitudinal sections of smooth muscela, irregular, deeply 
stained bands are frequently scen crossing the fibers. These bands indi- 
cate areas of contraction in the muscle, 

There are wo ways in which smooth muscle fibers may contract: 
as a whole fiber shortening uniformly throughout its entire length, 
or a wavelike contraction may proceed throughout the length of a 
single fiber, In sheets of smooth muscle, if this wave-type contraction 
occurs, it proceeds ina more or less straight line across a number of 
fibers and therelore the contraction area of one cell may be at its 
extremity, while the adjacent cell shows this area near ils central part. 
fn smooth muscle the contraction is slow and sustained, in imuarked 
contrast to the 1apid, short type of contraction of striated muscle, 

Although smooth muscle is richly supplied with blood, it is not as 
vascular as cither striated or cardiac muscle, The larger vessels are 
located in the broader septa, their branches extending into the smaller 
sepla between -the muscle bundles or layers, where they subdivide and 
form capillaries which are arranged in a network about the sinaller 
bundles of muscle fibers rather than about single fibers. 

The nerves are branches of the sympathetic systent which accom. 
pany the blood vessels iu the septa. There is no direck evidence that 
these nerves cnd in relation to every individual muscle fiber. (t has 
been suggested rather that the syncytial arrangement of the tissue with 
its protoplasmic continuity allows for the progression of the impulse, 
or that along a line of contraction the cells pull neighboring cells and 
this mechanical stimulus effects the spread of the contraction wave, 

Smooth muscle is the contractile clement present in all organs or 
structures where muscle is present and not under voluntary control, 
{tis found in the walls of blood vessels and the larger lymphatic vessels, 
the walls of the digestive tract from the middle of the esophagus to 
the anus, in the gall-bladder, ureter, bladder and urethra, posterior 
wall of the (rachea and the bronchial tree, in the lymph glands and 
the spleen, Lestes, prostate, the ducts of the male generative system, 
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corpora cavernosa of the penis, broad Hgament, uterine tube, uterus 
and vagina. Tt forms the arrectores pilorum of the hair, and the muscle 
af the ciliary body and iris of the eye, 


STRIATED MUSCLE 


Striated or skeletal muscle diflers (rom smooth muscle in the size 
and shape of its fibers, the arrangement ol the fibriJlae, the number and 
position of its nuclei, and in having ils substance enclosed by a definite 
membrane, the sarcolemma, The fibers are also crossed by alternate 
light and dark bands which give them a “striated” or “striped” appear- 
ance, 

Striated fibers are bound together in bundles or fasciculi, The 
fibers are bound together to form primary bundles which are separated 
by thin sheets or septa of connective tissuc. A number of primary 
bundles are invested by somewhat broader connective Lissue septa to 
form secondary bundles which, in turn, are grouped to form lerliary 
bundles, The entire muscle is invested by a connective tissue sheath, 
the epimysium, The septa which lie between the muscle bundles or 
fasciculi are extensions of the connective tissue of the epimysium and 
constitute the perinysium. The endomysinm consists of a delicate net- 
work of reticular connective tissue which extends from the perimysium 
into the bundles and envelops the individual muscle fibers. 

Striated fibers are cylindrical or slightly Mattened cylindrical strue- 
uures having conical or tapering ends, They vary in length from t mm, 
(in the sinailest muscles) to 4.5 mm. (in the largest muscles) according 
(o the size of the muscle and the length of the fasciculi in which they 
occur, The fibers vary from 10-100 microns in diameter, but within 
a particular muscle the size of the individual fibers is approximately 
the same diameter. However, the size of the fibers secins to correlate 
quite well with the size of the muscle (ic, large muscles, such as the 
gluteus maximus, will have fibers of large diameter, while the smaller 
wuscles, sugh as the ocular muscles, will have fibers of smaller diam- 
eter), The diameter of the fibers ol a muscle will increase with pro- 
longed exercise or work and will decrease if the muscle is immobilized 
for a period of time, even though the muscle is uninjured and is healthy 
(issue, 

Each fiber consisis of a Nuid protoplasmic substance, the sarcoplasm 
enclosed by a transparent, structurcless membrane (sarcolemma), The 
sarcoplasm is the cytoplasm of the mugle fiber and bathes the myo- 
fibrillae and nuclel, Mitochondria and granular elements called sar- 
cosomes (exactly what they are is unknown) are present in the sarco- 
plasm as well as glycogen, [at and pigment, The sarcolemma, which is 
thin and elastic, is visiblé only in preparations in which the fibers are 
broken and twisted, The fibers show faint longitudinal striations and 
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definite cross striations, The longitudinally suiuved appeaance of the 
fibers is due to the presence of numerous bundles of delicate myoti- 
brillae (sarcostyles) which extend from one end of the ther to the 
other, The fluid sarcoplasm occupies the spaces between the myo. 
fibrillac. 
The myobibrillae are exceedingly small, delicate threads of diffe. 
etuiated protoplasm which are so Closely bound together in the muscle 
fibers that they are difficult ta dis. 
dnguish in ordinary preparations, 
Z The bundles of myofibrillae (sar. 
eee Saeopinsny 
costyles) are itso known as muscle 
sahnheimte  COlUnIIS Of KElliker, Ve term “says 
Hts costyle” has been applied by some 
authors to the fidivicual myofibril- 
\ lacy it is mere commonly used, how- 
> Sticolemma ‘. ‘ 
o ever, to indicate the muscle columns, 
As they appear in cross section, the 
a muscle columns ol Kblliker are 
Saveplast known as the areas of Colmhein, 
These areas are separated by spaces 
which indicate the manner in which 
they are invested by sarcoplasm, 
Broader bands of surcoplasm divide 
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Colnhein's 
“aren 


3 the areas of Cohnheim inte groups. 
a unnen  Sarcopinnnt Kach fiber of striated muscle has 
pat ame oe Hille many nuclei, as many as (00 nuclei 


seve Barcolemmn being present iv the longer fibers, In 
mammals these nuclei are located at 
Fa, 58. Tranayerse secon through sais (ie periphery of the fibers and are 
ated muscle-Abers of a rabbit. (band 9) covered by the sarcolemma. The nu 
Kom a muscle of the lower extremity. . 
(2) Fiom a lingual muscle (00 x) Ing clei are flattened and oval and con- 
Colinhein's Relic me deainets pee tain at delicate network of chromatio, 
irate ceeald alaitintah (Atia Rohn, Fach nucleus is surrounded hy a 
Davidotf, and Tuber) small amount of granular cyto- 
plasm, 

Two kinds ol striated fibers are recognized, the red and the white. 
Muscles in which the red fibers predominate are considerably darker 
than those in which the white fibers are more abundant. The color 
of the red fibers is due to a greater ubundance of savcoplasm, which 
contains a pigment (myochrome) to which the color is due. The lighter 
colar of the white fibers is due to he smaller amount af sarcoplasm 
which they contain, Vhe red fibers contract more slowly than the 
white fibers, and are more resistant Lo latigue. vi 

‘Lhe nuclei in the white fibers are locaved at the periphery; how: 
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Vo. 54. Longitudinal and cross sections of striated muscle fom the longue, [ematorylin 
and cousin, Photomicyograph. 

ever, in the red fibers the nuclei are located more deeply within the 

{ther and only occasionally are found at the periphery. 

Striated fibers are generally regarded as giant multinucleated cells. 
Some authors are inclined to consider the protoplasm which surrounds 
a nucleus as being continuous with that surrounding the other nuclei, 
(hus lorming a syncytium, A view which is being regarded with increas- 
ing davor, is that the nuclei represent individual cells, the myo- 
fibrillae and other structures of the fiber being extracellular, Accord- 
ing to this view, the nuclei and the protoplasm in which they are 
enclosed would be comparable to connective tissue cells, the columns 
ol Kélliker being similar in some respects to the fiber bundles of con- 
nective tissues, By this view, striated muscle is brought into a closer 
relationship with the connective tissues with which it takes its origin 
from mesenchyme, 

The characteristic feature of striatcd muscle is its cross-banded 
appearance. This is due Lo alternate light and dark bands which cross 
the fibers transversely and which lollow one another at regular inter- 
vals, These bands exhibit different refractive properties when viewed 
with polarized light. The light bands, which are singly relractive, are 
said to be tsotropic, while the dark bands, which are doubly refractive, 
are said to be anisotropic. The occurrence ol isotropic and anisotropic 
areas is nota property of the fiber as a whole, the areas being confined 
to the myoflibrillac in which they occupy the same plane. his gives 
the bands the appearance of crossing the fiber, 
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Phe existence of myofibrilae iv the living fiber lis been questioned, Some 
authors hold that they me formed by the precipitition al substinces in the saice 
plasm which gel readily when xeted apn by the reagents employed in pieparing 
muscle tissue for micascopic examinuion, Aptis this view, however, is the bet 
that when fresh material is teased, the myofbrillae. showing isotropic and aniso. 
tropic areas, are made to stand apart from one another at the end al the fiber, 


{ft is difficult to distinguish all the markings which have heen 
described for striated fibers in the muacles of the higher autmals, 
however, they can be identified readily in the wing muscles al certain 
insects, Examination of these muscles reveals, besides the light and 
dark bands (designated j aud q respectively), a dark line called Avaiise's 
membrane (designated s) which passes through the middle of the light 
band, Krause’s membrane is not confined to the myottbrillac, but 
extends through the fiber and is attached to the sarcolemma, A light 





Fig. 55. Diagram of imuscle sulations (after Meiden- 
hain), ‘The fibuls consist of alteuming dak bands (q) 
and light bands (j). j is Gaversed by the ground meme 
bnane (7) and q by the median membrane (1), fn the 
right of the dee musde sepmenty shown in the figure, 
the bands (mn) bave been duwa,  (Cortery. Tree 
Weatherford: “’Pexthook of Hlstology.” Philuedelphia, ‘the 
Blakiston Compuny.) 


area which appears in the middle of the dark band, is known as Hen 
sen's disc, A fine, dark ling passing through the middle of Tensen's 
disc is known as Hensen's line (designated im), 

The portion of the fiber between ve Krause's membranes contains 
an entire anisotropic band with oneshall of an isotropic band on either 
side, This consti(utes a sarcomere or musele segment of Bowman. Rach 
such segment is regarded as a unit of contraction of the fiber, 

Some investigators believe that the myolibrillae are homogeneous 
structures and that the cross striations are produced by the presence 
of granules (of different chemical composition) in the sarcaplasm. This 
claim is not as yet generally accepted. 

CONTRACTION OF STRIATED MUSCLE. When a striated 
muscle fiber contracts, it may reduce its length one-tenth with an 
increase in its diameter (volume remains unchanged), During this 
contraction the cross striations become narrower and are closer 
together, the longitudinal striations are more pronounced, and the 
myolibrillae hecome thicker, 
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Contin tau band 





daicomere 


he, 50 Diagaams to iusoate four successive stiges in the contiaction of a striated 
musde lbril. 


In the relaxed muscle the q and j bands aie about equal in width. 
When contraction starts a light aica appears (1 band) which bisects q. 
Further contraction results in the bisected q segments moving apart, 
thereby causing a widening of the Uf band. As this separation of the 
q segments continues it results in the q segments ol this particular 
sarcomere approaching the neighboring q segment ol adjacent sary 
comeres, With contraction complete the q segments have reached 
the endl of the sarcomere which is represented by the « lines, he 
adjucent q segutants buse o form a confraction band, ‘he « line, 
at this point, is completely hidden by the q segments. With relaxation 
there is a velurn lo the original arrangement, Chemical changes take 
place during the conuwaction of muscle fibers. ‘The breakdown of 
phosphocreatine into creatine and phosphoric acid produces the actual 
contraction, Carbohydrate (glycogen) breaks down to lactic acid. 
Oxygen is used and carbon dioxide is formed, This reaction produces 
energy which is necessary lor the resynthesis of phosphocreatine. 

REGENERATION OF STRIATED MUSCLES In the higher 
vertebrates there ts very litle regeneration o} Lunctional striated muscle 
{ihers. Regeneration of partially destroyed or injured fibers has been 
described but it requires the presence of the intact sarcolemma sheath, 
the nuclei aud an outer layer al savcaplasm, From the damaged end 
of such a fiber, a branched pscudopodium is sent out, carrying nuclei 
with it, Myofibrillac and cross striations are not present in this newly 
forming sarcoplasm but develop later, Severe damage Lo striated muscle 
is repaired by scar tissue, 
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CARDIAG MUSCLE 


Cardiac muscle is a specialized form af muscle, capable of con- 
tracting automatically and rhydunically, [tis tonud only in the heart 
and the roots of the large vessels springing rome the heart, Ts libers 
are arranged in layers in which they ate more or less parallel. “These 
layers, which begin at the atrioventriaalar junction, form loops about 
the ventricles so that fibers in one layer cross those of another layer in 
different directions. Therefore, in sections ol heart muscle (uyo- 
cardium), fibers will appear which have been cut longitudinally, 
diagonally and transversely, 

Cardiac muscle differs from both smooth and skeletal muscle in 
having its fibers branch and the presence of intercalated discs, The 
branches anastomose with one another or with adjacent Ubers and form 
a syneytium, Jn the branches, the myofibrillae cross from one liber 
lo another Mawever, there are no anastomoses of the myofibrillac; chose 
from one fiber continue with the myolthiillae of the fiber which they 
have joined, The intercalated discs are discussed later, 

Gross striations are present in cardiac muscle. They are similar 





Via. 67, (Left) Attachment of muscle to tendon, Hippocampus (Sea-horse), Formalde 
hyde fixation, Photographed in polarized light, 880 X. (W. J. Schmidt.) (Courtesy, Bremer 
Weatherford: “Texthook of [Histolugy,” Philadelphia, ‘Lhe Blakiston Company.) 

Vio. 58. (Right) Stuiinted muscle, injected, showing the reladon of the capillaries to ihe 
niuscle fibers, Phatomiciogiaph, 
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to chéve found in skeletal muscle but are less distinct. ‘There are many 
nuclei in each fiber and the nuclei are large, oval in outline, and are 
frequently clongated, The nuclei are located in the center ol the fiber 
as in smooth muscle. Their structute is similar to that of striated muscle 
nuclei, The cytoplasm ol the cell 
is accumulated at either end of 
the nucleus and merges with the 
surrounding sacoplasm. The cyto- 
plasm contains granules, mito- 
chondria and droplets of lat. The 
myolibiillae are arranged in rows, 
which extend from the periphery 
to the center of the fiber; this ar- 
rangement gives them the appear 
ance of the spokes of a wheel 
when a crosscut section is ob- 
served, Sarcoplasm fills the spaces 
between the myofibrillac, The 
fibers are enveloped by a very thin 
membrane not unlike the sareo- 
lemma ol striated muscle, Sarco- 
somes are abundant in cardiac 
muscle, 

The most characteristic feature 
ol cardiac muscle is a number of 
dark bands, the intercalated dises, 
which cross the fibers at irregular 
intervals, They may extend par- 
tially or completely acxoss the 
fiber either as a straight line or in 
a serjes of steps. 

Various theories have been 
presefited to account for the in- Fie. £9 Cross and tongitudinal section 
tercalated discs. They were first of cardiac muscle. The longitudinal sec 

Lion shows the branching and anastomosing 
thought to tepresent the end of the fibers Nole the centrally located 
boundaries of the muscle cells, nuclei. : 
but with the absence, in many 
instances, ol a nucleus between two discs, and in other cases, with uvo 
or more discs crossing a single nucleus, this view has been abandoned. 
With the discovery that similar discs may appear in other than heat 
muscle, the idea that they are related in some way Lo the contraction of 
the fiber.is receiving increased support. 

Intercalated discs are absent from or are only poorly developed in 
young hearts, They apparently increase as age advances. That they 
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Lit. 60, Pongitudinal scaion of hima cudiac muasde, Observe the ceutially loctted: wuctel 
and the duok tansvose tines which are the hutere dated discs, Photonnqagiapli. 


constitute an area ol weakness in the liber is indicated by dhe fact that 
when heart muscle is fragmented, the lines of figmentition occur in 
the areas of the intercalated clises, 

Certain (thers of the heat muscle are specialized as neuroepithelial 
clements to Cransmit the impulse for contraction. "These atypical fibers 
ave Known as Prokinje fibers, These fibers difler Lront ordinary cardiac 
muscle in their greater size and the possession of considerably more 
sucoplasm, The myohbrillac are reduced in mumber and are located 
about the peipheal potion of the fiber, ‘he bundle is enclosed 
by a sheath of connective tissue, by which it is separated from the 
myocardium. 

RFGFNERATION OF CARDIAG MUSCLE, The power which 
cardiac muscle has for regeneration is practically nil, Any marked 
damage of cardiac muscle is replaced by scar tissue, Tn areas where the 
damage is not severe evidences may be seen of where cells have made 
abortive eflorts to regenerate, 


SUMMARY 


DEFINITION: The muscles are the contractile tissues of the body. 
COMPOSITION: L. Fibers (muscle cells, ftbrillae, [uid proto- 
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plasm or secoplasm, and some type ol cell 
membrane) 
2. Connective Ussue (sheath and septa) 
BASIS OF GLASSTFIGA TION: bo Sa ucune 
ae Striated 
bh. Nonsiated : 
2. Funetion 
a, Voluntu y 
b, Involuntary 
TYPES OF MUSCLE: 1. Smooth (nonstriated and involuntary) 
2. Suiated (striated and voluntary) 
3, Cardiae (striated and involuntary) 
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The Nervous System 


All protoplasm exhibits the properties of inritability and condue- 
tivity, but only in the tissue of the nervous system do these propertics 
reach their highest degree of development and specialization. Yo 
these two fundamental properties may be added another, correlation, 
which is exhibited only by the nervous system. 

The function ol the nervous system is to receive stimuli from the 
surface or from the various organs of the body, Wwansmit them to the 
brain or cord, and effect the necessary motor response, In this way 
the bady is able to adjust to an everchanging environment, 

The nervous system consists of; the brain and spinal cord (the 
cenual nervous system), the peripheral nerves (made up of the axons 
al the nerve cells), the audononric system (made up of the symipathetic 
and parasympathetic systems of nerves and their ganglia), aud the 
specialized receptor organs lor sensory stimulations, the sensory end 
organs, Associated with these specialized cells of the nervous issue 
and their fibers is a specialized type of connective tissue (nenroglia) 
which serves 10 support and bind together the component clements. 

The functional and physiological unit al the nervous lissue is the 
nerve cell ov nenvon, These cells are found only in the substance of 
the brain or cord, where they are localized in certain definite areas 
(nuclei of the brain; gray matter of the cord), and outside of the central 
nervous system in organized structures known as ganglia, Each nerve 
cell consists of a cell body and its processes, the axon and dendrites. 
These processes are capable of receiving and transmitting the nerve 
impulses, According to the number of processes which they possess, 
nevrons ate known asi uaipolur, bipolar, and multipolar nenrons. 
Unipolar cells are those which have only a single process, Cells of this 
type occur in the ganglia of the cranial and spinal nerves, It has 
been questioned whether or not these cells may properly be regarded 
as unipolar, since they are bipolar in the embryo. In the adult, the 
two processes of the embryonic cell unite to lorm a single process 
which divides a short distance from the cell body into a peripheral and 
cenual branch. The peripheral branch transmits impulses toward the 


126 


THE NURVPOUS SYSTEM 127 


cell body; the central branch, away (rom the cell body, The peripheral 
branch is usually referrecdl to as an axon, however, since it possesses 
the characteristics of an axon. Some people consider this branch as 
a dendrite, but on the basis of the morphology of this fiber and the fact 
(that axons can transmit impulses in cither direction throughout their 
length, it seems best to consider this as an axon, not a dendrite. 

Bipolar cells are more or less spindle-shaped with two processes, 
one of which isa dendrite and the other an axon, extending from cither 
end, or pole, of the cell, Gells of this type are found in the retina of 
the eye, the vestibular and spinal ganglia of the car, and numcrous 
places in the central nervous system, 

Multipolar cells constitute the greater number of the cells of the 
nervous system, Each multipolar cell, in addition to its axon, possesses 
two or more dendrites, The manner in which these processes arise 
from the cell body gives it a stellate appearance, 

The transmission of a nervous impulse (in vertebrates) from the 
point of stimulation to the effector organ, requires at Icast two neurons, 
The impulse passes from the axon of the first neuron to the dendrite 
or cell body of the second neuron. For this to take place these two 
processes must be in contact with one another, and the point of contact 
is known as a synapse, While an impulse may be transmitted in cither 
direction within any single neuron, the synapse will allow the impulse 
lo pass in only one direction, from axon to dendrite. This arrange- 
ment assures the “one-way” transmission to the central nervous system 
and out again to the effector organ. This “tandem” arrangement of 
the two neurons for the transmission of an impulse is known as a 
reflex arc, While a two neuron reflex represents, theoretically, the 
simplest reflex are, with few exceptions (knee jerk) it is not found in 
man, A more common type of reflex are in the human involves at 
least. three neurons, This third neuron, which is located between the 
sensory and motor neurons, is called an association neuron, providing 
it starts and ends on one side of the cord. However, if this third neuron 
crosses from one side ol the cord to the other it is known as a com 
missyural neuron. These neurons may also ascend or descend to other 
segments of the cord, thereby integrating various regions, and they 
always lie within the substance of the gray matter of the spinal cord, 

Gross examination of a cross section of the cord shows two distinct 
areas. In the center of the cord is a gray or pinkish gray column of 
tissue, shaped roughly like the Jeter H. This is made up chiefly of 
nerve cells, portions of dendrites and axons, and unmyelinated fibers, 
This gray column is entirely surrounded by a layer of whitish colored 
tissue, Myelinated nerve fiber “tracts” are found in the white substance 
which forms this outer layer, Supporting the elements in both areas 
is the connective tissue called neuroglia, The size and shape of the 
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column of gray matier and the amount of the white substance varies 
slightly throughout the length of the cord. 

From the antero- and postero-lateral surlaces of the spinal cord, 
throughout ils length, are given off thinty-one pairs of spinal nerves. 
Chey leave the spinal canal by way of the intervertebral foramina. 
Each spinal nerve bas a ventral or motor root and a dorsal or sensory 
root. The cell body of the dorsal reat neuron is located in the dorsal 
root ganglion, which lics just outside the spinal cord. ‘Vhe cell boclics 
of the ventral 100t neurons are found within the gray substance of 
the cord. 

It is possible to classify the nerve fibers according to function as: 
visceral aflerent, visceral efferent, somatic afferent, and somatic efferent, 
depending on whether these fibers serve the viscera and blood vessels 
or all other structures of the body exclusive of these two, 

While the visceral efferent fibers are found as elements of the 
spinal nerves, in veality they are a part of the so-called autonomic 
division of the nervous system (an efferent system). In order to reach 
their destination, visceral efferent impulses must travel over two visceral 
efferent neurons, The neuron of the first order has its cell body in the 
cerebrospinal axis and its preganglionic myclinated filer goes by way 
ol the white rami to terminate in a sympathetic ganglia. 

The cell body of the second order neuron Jies in the sympathetic 
ganglion and ils postganglionic, unmyelinated fiber ends in the struc- 
ture it innervates, Occasional posiganglionic fibers have thin myelin 
sheaths. These postganglionic fibers may go either directly to a viscera 
of the abdominal region or they may enter the peripheral portion ol 
spinal nerves by way of the gray rami and be distributed to smooth 
muscle, blood vessels, sweat glands, the arrector pili muscles of hairs, 
etc. Besides the unntyclinated visceral efferent fibers, the peripheral 
portion of spinal nerves also carry unmyelinated somatic afferent fibers 
(pain fibers), 

Visceral afferent fibers have their cell bodies in the spinal ganglia. 
However, these visceral afferent fibers also run by way of the white 
rami of the thoracic and upper lumbar nerves, The white rami also 
contain preganglionic visceral efferent fibers, 

The somatic efferent fibers send motor impulses to skeletal muscle. 
The cell bodies of (hese fibers (axons) are located in the spinal cord. 
Somatic allerent fibers may be classified, according to the source ol 
their stinuuli, as proprioceplive fibers ov exleroceplive fibers, The 
proprioceptive fibers reccive their stimuli from end organs in muscles, 
Joints, and tendons, The exteroceptive fibers receive their stimuli from 
the outside environment by way of the skin, eye and ear. Included 
also in this group are those fibers which carry impulses produced by 
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“pressure-Louch” stimuli whieh are located deep to the surface ol 
the skin. 


AUTONOMIG NERVOUS SYSTEM 


The autonontic nervous system is an efferent (motor) system com- 
posed of nerves, ganglia and plexuses, supplying the viscera and the 
vascular system, It conveys impulses which, for the most part are not 
reflected in consciousness, but direct and control the movements ol 
organs not subject Lo the will (although psychic influences are possible), 
hence, it may be regarded as the involuntary part ol the nervous system. 
It is important to realize that this is purcly a functional division, not 
an anatomical division of the nervous system. 

In the autonomic system, two neurons are required in order for 
an impulse to reach the effector organ from the central nervous system, 
The cell body of the first neuron lies in the gray substance of the brain 
or cord; the cell body of the second ncuron lies in either the sympa- 
thetic ganglion or within the tissue of the effector organ. The axon of 
the first neuron is known as a preganglionic fiber, while that of the 
second neuron is called a postganglionic fiber, ‘The preganglionic 
myelinated fibers enter the peripheral nerves by way of the white rami 
(the while rami also contain visceral afferent fibers), There are also 
unmyelinated postganglionic fibers which enter the peripheral nerves 
by way ol the gray rami, Autonomic nerve fibers are found in five of 
the cranial nerves (third, seventh, ninth, tenth, and cleventh) and in 
all of the spinal nerves. ‘ 

It is customary to divide the autonomic system into two separate 
divisions: the sympathetic and the parasympathetic. The sympathetic 
division is composed of the visceral efferent fibers of the thoracolumbar 
segments of the cord; whereas the parasympathetic division is composed 
of craniosacral segments, Until recently the effects of the sympathetic 
and parasympathetic systems have been thought to be antagonistic to 
oue another, (in general, that the sympathetic fibers caused constriction 
of smooth muscle and the parasympathetic caused relaxation), but the 
number of exceptions to these reactions in specific instances has opened 
this “antagonistic” theory to further investigations and analysis, 

An excellent discussion on this subject is given by Langworthy and 
the following discussion is based on his paper, 

The functions of these two divisions are not antagonistic, but rather 
they supplement cach other, The sympathetic system innervates the 
smooth muscle of the vascular system, while the parasympathetic fibers 
with certain exceptions (heart muscle and genital duct system), are 
distributed to all other smooth muscle of the body (viscera), This 
delegation of specific aveas of control is based on experimental 
evidence, 
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Since the sympathetic fibers are distributed to the vascular system, 
they extend to all parts ol the body, (xperimental evidence has not 
shown that parasympathetic fibers are distributed to the peripheral 
vascular system or that vessels are supplied by fibers that will produce 
dilatation, however, dilatation can be produced by nervous activity.) 
The organization of the sympathetic system is such that it exhibits a 
“‘otal” response in ils reaction to stimuli, The parasympathetic system, 
on the other hand, shows a more specific type of response since it 
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innervates specitic organs, and only a part of cris system may react 
ata time, This may also imply the presence ol a more cliflerentiated 
type of end organ for the parasympathetic system, 

The idea of antagonistic action by these ava systems gains support 
from the fact that some organs teceive iumervation Lom both systems, 
Where this occurs it is likely that the sympathetic fibers supply blood 
vessels and any reaction that may result rom their stimalation is due 
to change in amount of blood to the organ, ‘The bladder is such an 
organ. Tn the bladder it was thought that the parasympathetic fibers 
produced relaxation of the internal vesical sphincter muscle and con- 
traction of the smooth muscle of the bladder wall, causing it to empty 
itself, Likewise, it was thought that the sympathetics caused the bladder 
muscle to relax and the internal sphincter muscle to constrict, thereby 
closing the orifice and allowing the organ to fill again, However, 
experimental studies have shown that the sympathetic fibers to the 
bladder can be cut withow any important effect on the function of 
the organ. Damage to the parasympathetic fibers, however, effected 
complete paralysis of the muscle, and while, in time, some of the fune- 
tion returned, the function of the organ was seriously impaired, Other 
examples of misinterpretation of the antagonistic functions of these 
tivo systems are cited by Langworthy. 

SYMPATHETIC DIVISION. The sympathetic trunks consist of 
two ganglionated trunks which start at the level of the second cervical 
vertebra and terminate at the level of the coccyx, They are located just 
anterior and lateral to the bodies ol. the vertebrae. 

Kach sympathetic trunk is made up of a series of twenty-one or 
twenty-lwo ganglia (three cervical, ten or eleven thoracic, four lumbar 
and four sacral), which are connected by a bundle of nerve fibers made 
up of ascending and descending nerve fibers. ine bundles of nerve 
fibers (connecting rami) connect each spinal nerve with the sympathetic 
trunk of its respective side. 

The sympathetic trunk sends unmyelinated postganglionic fibers 
by way ol the gray rami (o each spinal nerve. White rami, however, 
carry myelinated preganglionic ibers from a limited number of spinal 
nerves (all of the thoracic, and the second to fourth fumbar nerves to 
corresponding sympathetic ganglia chain or collateral), White rami 
also contain fibers bearing sensory impulses from the viscera, The 
fibers from the sympathetic system innervate blood vessels, “This system 
is largely responsible for the “emergency” response of the body. It 

Hiro. 68. Diagram of the autonomic system. Connections lo the cutimeous vessels and 
sweat glinds me not shown here (modified lrom Metile), Sofid fines indicate pre- 
ganglionic fibers; broken lines, postganglionic; green, parasympathetic; red, othosym- 
pathetic; blue, central conduction systems (a series of short telays under the influence of 
the hypothalamus and cerebral coutes), (Courtesy, Mertitt-Metuler-Putnam: “Fundamentals 
of Clinical Neurology," Philadelphia, The Makiston Company.) 
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responds to the reactions of lear, rage, pain, and mnacular exercise, 
‘This system is probably the highest integiative mechanism ins the 
hypothalamus, 

PARASYMPATHETIC DIVISION, The parasympathetic division 
is made up of fibers derived from the third, seventh, ninth, tenth, and 
cleventh cranial nerves and fibers from the second, third and fourth 
sacral spinal nerves. ‘Phe parasympathetic lihers tha are components 
of the cranial nerves send fibers to innervate the constrictor muscle of 
the eye, the salivary glands, lungs, heart and the upper part ol the 
alimentary tract, From the sacral segment, fibers ave distributed to the 
lower part of the alimentary tract, the urinary bladder and erectile 
organs, The fibers of the parasympathetic system produce contraction 
ol smooth muscle and slow the heart, 
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Nervous Tissues 


The nervous tissues are composed of verve cells, nerve fibers, and 
a form of supporting tissue called neuroglia, which is peculiar to the 
nervous system, Specialized structures known as end sense organs are 
associated with nerve endings in various parts of tbe body and receive 
the sensory stimuli, 


NERVE CELLS OR NEURONS 


The nerve cells and their processes (ncuons) are the functional 
elements of the nervous tissues. They are located in the gray matter 
of the brain and spinal cord, in the ganglia of the cranial and spinal 
nerves, and in the ganglia ol the sympathetic system, They vary con- 
siderably in shape and sive, The form of a nerve cell depends to some 
extent on its location, and also on the function which its impulse 
serves. While the majority are stellate in lorm, some are round or 
oval, some spindle-shaped, and others are triangular in outline, ‘The 
smallest cells of the nervous system have a diameter of 4-5 microns, 
while the largest are visible without the aid of a lens, their diameter 
being about 150 microns, ‘Vhe largest ‘cells in the gray matter of the 
ventral horn of the spinal cord are about 130 microns in diameter, 

Nerve celJs possess a nucleus around which is the cytoplasm, the 
same as other cells of the body, While these cells do not possess a 
definite cell membrane, there is a condensation of the cytoplasm at 
the periphery of the cell by which a protoplasmic membrane is tormed. 
However, peculiar to nerve cells are the processes that are givert off 
from the cell body, some of which, axons of motor cells, are extremely 
elongated, extending three lect or more, The nucleus and cytoplasm 
also possess certain other structures peculiar to nerve cells. 

The nuclei of nerve cells are large, round and possess a sharply 
defined nuclear membrane which encloses a fluid nucleoplasm (karyo- 
plasm), a network of fine linin fibers, a small amount of chromatin 
and a large nucleolus, Not infrequently io nucleoli are present, The 
scart amount of chromatin gives the nucleus a vesicular appearance. 
Tt varies somewhat with the size of the cell, being most abundant in 
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the smaller cells where it forms a delicate network, In the larger cells 
the chromatin consists ol a lew scattered, granular ieuses. “The nucleus, 
which stains lightly with basophilic stains, is usually located in the 
central portion ol the cell, however, an exception to this is to he 
found in the cells of Clark's column in the spinal cord, where the 
nuclei occupy an eccentric position. 

The cytoplasm which is often referred to as the parifibrillar sub- 
ance or neuroplasm, contains a number of structures: neurofibrillae, 
Nissl granules (tigroid bodies ov chromophil substance), telusions 
which are principally fat droplets and pigment granules, wifochandria, 
and a Golgi apparatus, Sirce it is impossible to show all of these struc- 
tures with any single stain, it necessitates the use of several sections 
employing different methods, if a complete picture and understanding 
of these cells ts to be pained. 





Fito, G4, Various forms of netmons of the human nenveus system, “The sheaths are not 
shown, ‘The denchites and a portion of the axons me shown, (4) From spinut ganglion. 
(#8) brom anterion born of spinal cord. (CG) Pyramidal cell from cerebral cortex, (22) 
Purkinje coll ftom cerchellar cortex, (2) Galgi cell of type Ui from spinal cord. (2) 
Fusiform cell from: cerebral cates. (G) Sympathetic ganglion cell, fa) Axon. (ad) 
Denthites, fc) Collateral branches, (ad) Apical dendrites, axial stem shotter au nermal. 
(id) Basal dendrites, (Pp) Peupheral proces. (Courtesy, J. Marsaus Sclinalfer, Eda 
“Mortis! Human Anatomy,” Philadelphia, Lhe Blakiston Company.) 
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Neurofibrillac are delicate threadlike fibers which ave found in 
the cytoplasm of the body of the nerve cell and extend throughout the 
entire extent of ils processes, Uf sections stained by Cajal’s silver method 
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Tie, G5. Diagram of a peripheral myelinated nerve fiber, 


are examined, the neurofibritlac are scen to form a closely meshed 
network of branching and anastomosing fibers within the cell body. 
However, on entering the processes, the fibers straighten out and lie 
parallel Lo one another and Lo the long axis of the process, The exact 
function of these fibrillac is not known, 
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The cytoplasm also contains a substance in the form of small 
granules which are aggregated in flattened, irregular misses (Néss? 
bodies), which react intensely to the basic dyes. Since the staining 
reaction of these bodies is similar to that ol chromatin it is called 
chromophil substance, Because of the spotted appearance they give 
to the cells, Nissl bodies ae sometimes relerred to as figroid bodies, 
So we find the terms, Nissl bodies, chromophil substance, and tiproid 
bodies, all reler to the same granulation substance inthe cytoplasm. 
These bodies are found in the cytoplasm of the cell body and in the 
dendrites of all nerve cells, but they are not found in the axon hillocks 
or in the axons, 

The number and arrangement of the Nissl bodies vary considerably 
according to the locality and size of the cell in which they occur, They 


d 





Bio. 66, Nerve cells showlug Nisst graniles, (A) Fram die antaler hous in the spinal 
cont of a omonkey, (3) Fiom the facial anceus of a dog, (GC) Showlng the degen ation 
of the Nis granules following the cutulng of the nerve, (dl) Dendiites. Qt) Axon, (1) 
Nucleus. (ng) Nise! gianules. (Afler Schilfer,) 
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are largest and most abundant in the larger cells, Ghromophil granules 
are not present in the form of aggregations in the smallest nerve cells, 
although the color of their cytoplasm, when stained with the proper 
dyes, suggests that this substance may be present in a difluse form, 
The arrangement of the Nissl bodies presents the same pattern in 
cells of a given (ype; this has led to the belies by some that the locality 
or function of the cell can be identified, within limits, by the pattern 
which these bodies assume, + 

The function of the chromophil substance is not clearly understood, 
although it has been suggested that it is related to the nutritive 
processes of the cell (veserve store of food for the neive cell), Injury 
or disease of the nerve cell is quickly reflected by the Niss] bodies. 
When the cell has been subjected to the effects of poisons, or injury, 
the Nissl bodies break down, their substance being diffused* through 
the cytoplasm, a condition known as chromuatolysis, [lowever, some 
normal neurons have the appearance of chromatolysis as in the cells 
of Clark's column, Ghromatolysis also takes place in nerve cells after 
their processes have been cut, By sectioning nerve fibers and noting 
the cells in the brain and spinal cord in which this change has occurred, 
itis possible to identify the location of the cells from which the injured 
fibers take their origin, 

The inclusions found in nerve cells are principally fat droplets 
and pigment granules, Granules of melanin, a deep brown pigment, are 
found in some nerve cells, but ils purpose in these cells is not known, 

Other structures found in nerve cells, and vot understood, are the 
mitochondria, They are found throughout the neuroplasin of the cell 
body and its processes, and exist in the lorm of granules or rods, 

The Golgi apparatus can be demonstrated in all nerve cells. Its 
form vavics from a small, single granule (Golgi bady) to a complex 
coarse meshwork, While it is ordinarily restricted to the cell body, it 
may extend into the dendrites, Ti may be arranged diffusely throughout 
the cell or it may form a ringlike structure around the nucleus. 

Centrosomes are absent, or if present, are atypical. The absence of 
centrosomes is probably related to the inability of nerve cells to 
reproduce by division, There is no replacement of the cells in nervous 
tissue once they have been destroyed, 

The characteristic leature of a nerve cell is its processes, These are 
extensions of the cytoplasm which, in some cases, continue for a con- 
siderable distance from the body of the cell. The processes of a nerve 
cell are of two kinds: dendrites and axons. 

The dendrites are broad at the place where they leave the cell, 
but gradually taper to a point. They branch profusely, the branches 
appearing shortly after the process leaves the cell body, Swellings or 
varicosities occur on the branches of many dendrites. These are fre- 
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quently angular and give the dendrite a thorny appearance. ‘The 
cytoplasm of the cell is continued into the dendrites without modifica. 
tion, while the neurofibrillag extend to the ends of the smallest 
branches. ‘The Nisst bodies become elongated and rodlike, as they are 
continued into the processes, 

While a cell may have a number of dendrites, as a rule it has only 
one axon, In unipolar cells, however, this axon divides shortly after 
leaving the body al the cell to form uve avanes, In exceptional cases, 
(wo axons may arise [rom a single cell, or the axon may spring from 





bis, 67, Neurolibylls durlig activity (A) and 
dung bibemation (8). (Alter Cajal, 1908.) 
(Couttesy, Penfield: “Gstology and Gellhie Pathol: 
ogy of the Newous System," New York, Paul a 
Uoeher, Tne) 


the root of a dendrite, Axons muy arise either directly from the cell 
hody, lrom the root ol a dendrite or trom a slighdy projecting mass of 
differentiated protoplasm known as the axon hillock ov din plantation 
cone, Vhe latter is by far the most common origin, Axons arising from 
an axon hillock maintain a constant diameter throughout their course 
except lor a slight constriction at the point where they attach to the 
axon hillock. Axons give off branches (collaterals) a short distance 
from the cell body. ‘These collaterals are not as numerous as the 
branches ol the dendrites, but they occur at regular intervals and arise 
from the stem of the axon at right angles, Axons and their branches 
end in a tuft of naked fibrils which form end arborizations or telo- 
dendria. The length of an axon depends on the location and functional 
character of its cells. In some cases it proceeds only a short distance 
Irom the cell while in other cases it is a process ol considerable length. 
This can best be appreciated when it is recalled that the axons of 
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nerve cells in the sacral segments of the spinal cord extend ta the 
extremities of the foot. 

_ Morphologically the axon differs in several respects Jrom the 
cytoplasm of the cell from which it arises, Unlike the cytoplasm it does 
not contain Nissl granules, or a Golgi apparatus. It does contain mito- 
chondria and neurofibrillac; the latter pass through (he neuroplasm 
of the axon hillock and continue unmodified in the structure of the 
axon, 

NERVE FIBERS 

The nerves which pass Irom the brain (cranial nerves) and spinal 
cord (spinal nerves) to the peripheral structures of the hody, consist of 
numerous fibers (nerve fibers) which are bound together in bundles 
(funiculi). There are uwo kinds of nerve fibers in the nervous system, 
myelinated and unmyelinated, Myelinated fibers occur in the brain, 
the spinal cord and their peripheral branches. Structurally the myeli- 
nated fibers in the central nervous system are not exactly like the 
myelinated peripheral fibers, In the central nervous system the fibers 
lack a neurilemma sheath, which is present in the peripheral myeli- 
nated fibers, Unmyelinated fibers are associated with the autonomic 
nervous system and are present in the peripheral nerves (pain fibers). 
Numerous naked axons are also found in the gray matter of the brain 
and spinal cord, 

The classification of nerve fibers as myelinated or unmyelinated can 
be further subdivided so that there are in the nervous system (our kinds 
ol nerve fibers: lL. Myclinated nerve fibers having a neurilemma sheath, 
‘These are found in the cerebrospinal nerves of the peripheral nervous 
system. 2. Myelinated nerve fibers without a neurilemma sheath, sheath 
cells, or nodes of Ranvier, These fibers are restricted to the brain and 
spinal cord, 8, Unmyelinated fibers with a membrane similar to a 
neurilemma, These are called Remak’s fibers and are found in the 
autonomic system and in the cerebrospinal nerves (fibers receiving 
pain stimuli). 4. Bare axons, which are lound in the central nervous 
sysiem. 

1, MYELINATED PERIPHERAL NERVE FIBERS. These my- 
elinated nerve fibers consist of a central core, the axis cylinder, 
which is enclosed in a relatively thick layer of fatty material supported 
by a reticulum, the myelin sheath, External to, and surrounding the 
myclin sheath is a thin, (transparent membrane, the netrilenma 
(Schwann's sheath), Myelinated fibers are extremely variable in size, 
yanging [rom 2-20 microns in diameter, 

The axis cylinder is the continuation of the axon of the nerve 
cell into the fiber. Ut consists of a semifluid substance (neuroplasin; 
dxoplasm) in which are embedded a number of neurofibrillae, ‘The 
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Fie. 6B Netve Mhers with myelin sheath, (A) Osmic ack prepmantion, frog, (i) sil- 
ver cutiate, gine pig (alter Schilfer aud below altar vou Mallendorl), (CG) Methylene 
Dine, ait (after Nemiloif). () Stlver lnypregnadon, cite (Cafal) (Goustesy, Menere 
Weatherford: “Testhook of Uistology,” Phikutelphia, “Che Makiscan Gompany,) 


neurofibrillae in the axis cylinder are continuous with those which 
aye present in the nerve cell, and which are regarded as the structures 
by which nerve impulses are transmitted, They continue the entire 
length of the nerve fiber and are lost in its end arborization, The sub- 
stance of the axis cylinder is enclosed by an extremely delicate mem- 
brane, the avolemma, 

The myelin sheath is a semifluid combination of fats and lipoids 
supported by a reticular framework of newrokeratin, Myelin is con- 
sidered 10 function as an insulating material to prevent the spread of 
nerve impulses from one fiber to a neighboring fiber. In the fresh 
condition the myelin gives the fiber a white glistening appearance, 
Tt makes its appearance shortly after the axis cylinder leaves the nerve 
cell, and continues almost to the point where the fibers branch to 
form the end arborisation, In properly prepared sections, the reticulum 
can be seen as delicate bars of modified protoplasmic material, called 
neurokaatin, forming a framework supporting the substance of the 
myelin sheath, [tis possible that this reticulum may he a coagulation 
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product which is produced by fixation, Owing to its lipoid character, 
myelin is dissolved by some of the reagents employed in the prepara- 
tion of sections, however, i, is readily demonsurated by methods which 
permit the application of osmic acid. Myelin is stained black by the 
acid, while the axis cylinder appears as a lighter band in the middle 
of the fiber. In these osmic stained sections, narrow clefts appear in 
parts of the thickened reticulum and correspond .to the dncisures of 
Schmidt-Lanterman, These narow clefts exiend obliquely through 
the myelin substance and are irregularly spaced, There is evidence 
that neurokeratin, incisures, ctc., do not exist in living tissues. 

The myelin sheath is not continuous, but is divided into segments 
by a serics of constrictions, the nodes of Ranvier, These nodes occur at 
regular intervals, the segments being shorter in the smaller fibers and 
longer in the larger fibers; they are always present where fibers branch. 

The neurilemma, or sheath of Schwann, is a thin, transparent 
membrane which forms the external investment of the nerve fiber, It 
lies upon the myelin sheath, It is not interrupted at the nodes ol 
Ranvier, but dips down between the segments of the myelin sheath 
where it lies upon the axis cylinder, The part of the fiber lying between 
two nodes is called an infernodal segment. A single nucleus (neuuri- 
lemma nucleus) surrounded by a small accumulation of granular proto- 
plasrn lies immediately beneath the neurilemma of cach internodal 
scament, Thus, cach internodal portion of the neurilemma is regarded 
as representing the product of a single sheath cell of ectodermal origin 
(nevrilemma cell of Schwann), Mitochondria and a Golgi apparatus 
have been demonstrated in the cytoplasm surrounding the nuclei. 

In the peripheral nerves, fibers from the surrounding connective 
lissties are closely applicd to the surface of the neurilemma in the form 
of a delicate membrane, known as the sheath of Key aud Retzius, 

As seen in cross section the nerve fibers in ordinary preparations 
appear as circles, the central portions of which are occupied by the 
axis cylinders, their circumferences being outlined by the newrilemma, 
The clear space between the axis cylinder and the neurilemma, in cach 
fiber, is occupied in freshly obtained nerves by the myelin sheath, the 
substance of which has been removed by the reagents employed in 
preparing the section, 

The neurilemma arises from the crest-cells of the neural plate in 
the embryo, therelore, it is not present in nerve fibers within the brain 
and spinal cord, It is applied to the fiber as it emerges from the central 
area and continues its entire Jength without interruption, The 
neurilemma extends a little beyond the myelin sheath, where both 
end before the fiber breaks up into the branches which form the end 

« arborization. 
In sensory fibers the neurilemma ceases as the fibers enter the 


‘ 
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central structures, its place being taken in the brain and spinal cord 
hy an interlacing of the processes of the glia thers, which is apy Hed 
to the surface of the myelin sheath, 

2 MYFLINATED FIBERS OF PIE GEN'TRAL NERVOUS 
SYSTEM, Myclinated neive fibers ol the brain and cord difler slightly 
in structure Lom myclinated peripheral fibers, The foumer have no 
neurilemma sheaths, sheath cells, or nodes of Ranvier, 

384. UNMYFLEINATED NERVE FIBERS, Chere are two kinds 
of unmyelinated fibers: Remak’s frbers and naked axons, "The axis 
cylinder of an unmyelinated fiber consists of a number of neuro- 
fthiillae, surrounded by a perifibritla exoplasm, ‘Che myelin sheath 
is absent, the axis cylinder being invested by a delicate membrane 
corresponding to the newilemma ol myelinated fibers, Chis membrane 
is sepriated liom the axis cylinder by a thin layer of protoplasm. There 
are No constrictions of the investing structtues of the fiber to form 
nodes, but flattened, oval nudei occur at regular intervals beneath 
the nenrilemma, which marks a division into the cells of Schwann, 
The axis cylinders of unmyelinated fibers may branch, the branches 
passing, in extensions of the neurilemma, to adjacent bundles of fibers. 

The axis cylinders ol unmyelinated nerve hers are formed by 
processes from the cells of the autonomic system. Owing to their small 
size, and the similarity of their appearance to the bundles of the con- 
nective tissue by which they are surrounded, they are diflieale to 
identily in ordinary preparations. Bundles of unmyelinated fibers can 
be distinguished in relation to groups of ganglion cells in the walls 
of the alimentary canal and in simifar relations to other structures 
(salivary glands), They can also be detected in the form of small, 
sharply delined dots beuween the myelinated fibers in crass sections 
ol the peripheral nerves, 

Some unmyelinated fibers originating in the autonomic system 
extend through the gray communicating rami and join the peripheral 
nerves, These fibers are known as the fibers of Remak, 

Naked axons, devoid ol any sheath, are lound in abundance in 
the gray matter of the brain and spinal cord. 


DEGENERATION AND REGENERATION OF NERVES 

A close relationship exists between ure axou and the myelin sheath, 
Following injury to a peripheral nerve fiber, there is a rapid degenera- 
tion of both the myelin sheath and the enclosed axon ol the fiber distal 
to the injury, Proximally the degeneration usually extends along the 
fiber only as far as the node of Ranvier nearest the point of injury. 
Ghemical changes occur in the myelin and it breaks into globules of 
lipoidal material of varying sizes. The axon fragments into small 
glanular appearing masses, This disintegration of the nerve fiber is 
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Central stump 





Puipheral stump 
lta, 69 Netoma, Cut sctatic ucive of aat. Note club endings of fibers giawing into 
pedipheud stump anc (angled auangement of fibers tn space between the two cut ends of 
the nerve, Photonicrogiaph, 


called Wadlerian degeneration, Alter injury of the nerve fiber, the 
cells of the neurilemma sheath of the degenciating segments of the 
fiber undergo hyperplasia and join end to end to loim so-called band 
fibers which are the essential elements in the regeneration of the 
injured nerve fibers, The neive fibers of the cental nervous system, 
which are devotd of neurilemmia sheaths, are also incapable of regenera- 
tion, 

In the regeneration of cut or injured nerve fibers, the axons giow 
out Lrom the central end of the degenerated nerve. ‘This outgrowth 
is not orderly, but the fibers gow in all directions, IJ the gap between 
the two ends of the damaged nerve is not very great, the growing 
axons will cross the space and contact the distal cut end of the 
degenerated nerve, If this is accomplished, the enlarged, growing end 
of the axon follows along the band fibers to the terminal part of the 
nerve. These band fibers not only give support and guide the growing 
axons, but they also give rise to the new neurilemma sheaths of the 
regenerating nerve fibers. 
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Pio, 70. Dingrammatic drawing of a regenetating nerve. (A) Cenaal stump. (4) Distal 
stump, (C) Intersal between stremps. Gio b) Bulbs on the ends ef ther growlag centally 
in and wound the cential stump. (ff, g) Bulbs on the ends of fibers growing inta the 
distal stump. (Q) Bulb on the end of a hher in the seat. (d) Coil formed by centuaily 
growing fther, (Cajal) (From Ranson: “Anatomy of the Neivous System,” 7th ed, 
Philadelphia, W. 3 Saunders Co) 
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Tins SYNAPSE ‘ 

The question of the exact histological relationship that exists 
betaveen two neurons ina reflex chain is still unsetuled, The view held 
by the greatcr number of investigators is that there is no anatomical 
connection between one neuron and another, ‘The fibers which lorm 
the end avborizations ol a sensory neuron, for instance, appear to wind 
about the fibers which form the telodendria (terminal processes) of the 
dendrites, without protoplasmic continuity of the two. The fibers, 
hawevet, form contacts with one another by means ol which the 
impulses they uansmit may pass rom the sensory to the motor neuron. 
This association ol the end-processes al two neurons is called a synapse. 

According (o Bodian, in properly prepared and stained material it 
is possible to demonstiate the discontinuity of protoplasm at the 
synapse. A delinite membranous barricr exists and is called a synaptic 
membrane or synaplolemina. While it has not yet been possible to 
demonstiate this synaptic membrane in all areas (ollactory axodendritic 
synapse among others) it is likely that when adequately prepared sec- 
tions are stuclied they will be found, In those synapses where a synaptic 
membrane is present, the neurofibrillae of one neuron do not extend 
across (he membrane into the second neuron, Another bit of evidence 
in support of the idea of protoplasmic discontinuity at the synaptic 
junction, is the work of Hoff, 1982. le sectioned the axons ol nerve 
cells whose terminal boutons were in synaptic relation with neurons 
in the spinal cord, These boutons degenerated, thereby indicating that 
they were dependent lor their nutrition on the axon alone, 

In some ol the lower animals an actual continuity of the protoplasin 
from the axon of one nerve cell to the dendrites of another, has been 
demonstrated, Although it has heen assumed by some that such a con- 
nection exists in (he nervous system of the higher animals, the assump- 
tion is not supported by clear anatomical evidence, 

Two types of synaptic relationship may be recognized in the nervous 
sysiem: 1, Axodendritic synapse, where the end arborizations of an 
axon may be in contact with those of a dendrite of another neuron. 
2. An axosomatic synapse, where (he synapse occurs between the end 
arborizations of the axon of one nenron with the cell body of another, 

In connection with the synapse, mention should be made of the 
Lypes of neuron junctions, The most common type is the bouton. These 
occur as swellings on the axon terminals and may be in relation to 
the cell body or the dendrite of another neuron, Club endings on the 
other hand, occur on large fibers where the diameter of the fiber is 
great enough that (cuminal enlargement is unnecessary since it is 
doubtlul if it would facilitate transmission of the impulse. Gemmules 
are another type, These are short spinclike processes of the dendrites 
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and are only found in synapses between dendrites and axons. Synaptic 
junctions may occur by appasition between an axon aud a dendrite 
that run parallel to one another, an axon and cell bady, av occasionally 
bewween two parallel axons where the second axon is unmyelinated, 

NERVE IMPULSE ‘TRANSMISSION, Very litte ts known about 
what actually happens when an tinpulse is qansmited Chrough the 
neuron, Moreover, it is not known what part the sceuctaral constitu. 











Bia. 71, (Left) Nevve cell shawhye bouton type of synaptic ending. (Cajal) (From 
Ranson: “Anatomy of the Neryotts System," 7th ed, Phthidelphta, W. i. Saunders Coy) 

We, 72 (Right) Purkinje cell arhorizition ta show gemmule type of synaptic ending. 
Chrome-silyer method of Golgi, Photograph. (Courtesy, Sminy and Gopenhivers “iitiley’s 
‘Text-book of Histology.” Baltimore, Che Williams & Wilkins Go.) 


ents of the neuron play in the actual conduction of the impulse. But if 
any of the constituents are associated with this phenomena, we can 
probably narrow it down to either the neuroplasm, neurolibrillae, or 
the surlace membrane of the neuron. We know that the myelin sheath 
and the neurilemima are not essential, since naked neurons can and ‘do 
transmit dinpulses, 

Concerning the physiological changes in the herve cell during the 
impulse transmission, a few things are known, Oxygen is consumed, 
with the formation of carbon dioxide and the production of heat, 
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There is also an electrical change which accompanies the transinission 
of the impulse, This change in electrical potential is measurable and 
is correlated with function and size of the nerve fiber, ‘This character 
istic makes it possible to analyze the constituents af a peripheral nerve 
and to determine the individual types of fibers composing it, Rates of 
conduction can be measured afd they range from [-75 meters per 
second. . 

White there is a definite “electrical factor” accompanying the trans- 
mission of nerve impulses along the fiber, we also know that certain 
changes (chemical) take place at the synapse, At the parasympathetic 
and somatic efferent terminations and at the synapse occurring in the 
sympathetic ganglia, acetylcholine is released by the impulse trans: 
inission, while activation of the sympathetic-fibers produces adenine 
at the terminal points, Recent research has shown that acetylcholine 
and advenine are also present within the substance of the fibers them- 
selves, the former being limited to fibers of the sympathetic system 
while the advenine is restricted to the parasympathetic fibers, Within 
the substance of the fibers these chemicals are thought: to participate 
probably in the production of the impulse, 

These two phenomena of neuron activity have led to the formation 
of two schools of thought: one group credits the electrical change as 





- Fra. 78. Dranelies of axans of basket cells-in retition to the cell bodies of Purkinje cells 
© illustrating :parallel axo-somatie type of synupse. Sliver stain, Photomicrograph. 
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being the factor which results in impulse Hangmission, while the other 
group credits the chemical substance with the power to produce the 
impulse, Probably when the problem is finally solved, bout the change 
in potential and the formation of these chemical snbsuimces will he 
found to contribute to impulse Qansmission, x 


ors 





ie 74 Diagrammatic representation af paratlel ave yomatic synapses dayots dng cell 
bodies of Purkinje cells and Inanches of ue axon of a single basket cell, Method of 
Gol (Cajal) Qiom Ransons ‘Anatomy of the Nervous System" 7ue ed, Philudet- 
phla, We B Saumilera Co) 
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A nerve irunk (peripheral neive as seen in piogs dissection) consists 
of cords or bundles (funicud’) of nerve bers enclosed by a compact 
arrangement of connective lisse (Lhe permenrium) The funiculi are 
hound together by Joosely amanged connective tissue (the epinei ini), 
Tn the fresh condition, the fwuculi have a glistening appearance, since 
they consist, for the most part, of myelinated fibers, Bundles of unmye- 
Hinated fibers appear a dull gray, In the brain and spinal cord, the 
{thers lie parallel to one another and pursue a nearly straight course, 
In the Intniculi of the peripheral nerves, the fibers follow an irregular, 
wavy course s@ that, in sections, they are cut transversely, obliquely 
and lo some extent, longitudinally, This is evidently for the protection 
ol the fiber when the nerve is stretched, Connective tissue fibers derived 
flom mesoderm, extend from the perincutium and form a delicate 
invesuncnt Jor the nerve fibets, the endoneurium. The connecuve 
tissue of the endoneurium forms septa by which the netve fibers are 
separated into bundles, and it is also condensed ou the surlace of the 
ncurilemma, where it becomes the sheath of Tenle. 


& 
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Tia 76, Longitirdingal section though a spinal ganglion of a cat 18 X. (Courtesy, Bremer 
Weatherford: “Textbook of Itlstology,” Philadelphia, The Blakiston Company.) 
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A partidiontike extension of the pevinewitan may be sce ia same 
instances to cross the funiculus, This indicues where the division of 
the nerves into branches is tikiug place, As the nerve Gunk contigs, 
it diminishes in size though a reduction of the epineuriin. which 
finally disappears; the Iranches of the neive consisting of single 
funiculi, each sumoanded by perineurium, Tach of these buune hes 
lmmally bicaks up inte tts consatuent hhers, the only counective: tise 
investment of which is Uenle’s sheath. “Ehe nerve ther ultimately 
loses its myelin sheath and neuilemma, and divides fate a number of 
threadlike branches (cud arborizahons), which end in relation to sens 
sory, OL Motor SU UCLINeS. 


GANGIIA 


SPINAL, GANGLIA. On the coral toot al spinal nerves is an 
enlugement or ganglia which contains the cell bodies of the sensory 
neon, “bhe bundle of nerve fibers 
hie! ee co ve A which in separate hom the ganglionic 
(ek es ~ portion, contains hers ol the ventral 
: reaot (nota fibers) which join with (he 
fibers of the dotsal root (sensory thers) 
to form the poipheral nerve. Che con 
nective tissue of Ue peripheral nerve 
(perineariun and epinem ium) con 
Uinues over the ganglia in che form ol a 
comective disse cape, “Prabeculae 
extend mito the ganglia to form a suppotung framework, Ca enclose 
the ganglion cells. 

‘The spinal ganglion cell iy unipolar, “Che borly of the cell is approx. 
imately round and woies in size fiom 1 100 inicrons. Alter leaving 
the cell body, the axon twists back an itsell and Lory a series of loops 
near the cell body. ‘This arrangement of the axon is known as the 
glomendus, Altey forming the glameralus, the axen bumehess one 
branch is directed peripherally, the other is directed toward the cord. 
The cxoplasm of these ganglion cells is Ginely pranalatr, the nucleus 
is lage and vesicular, each containing a fine chiomatin network and a 
deeply stained Auctcolus, Flattened cells with prominent nuded (aautle 
or sella cells) lorm a capsule of membranous shea investing cach 
ganglion cell, ‘These mantle cells, which are continuous with the neu 
lemma sheath of the couresponding nerve, are derived from the ecto 
devm of the neural crest. 

AUTONOMIC GANGLION. The cells of the autonomic ganglia 
are practically all multipolar, The cell bodies range in size from 20-45 
nicans, Like the spinal ganglion cell, these cells have huge, round, 





li, 77 Cells of doual reat gane 
glon Photomieaagasl 
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Via. 78, Monopolar cells (sensory piotonetnons) from diverse ceichrospinal ganglia. 
Normal, adule man, (A) Lange cell with glomerutus fiom a cervical spmal ganglion, (B) 
Langa cell without glomerulus fom nodose ganghon of vagus (GC, D, EK and K) Latges 
mediumesized and small cells fiom Gasseian ganglion, In L and K notice marked dif- 
ference in numbers of satellite cells determined py presence o1 absence of axomic glomer- 
wus Cajal method (lcahal-aimmonia) (Gouttesy, Penfield: “Cytology and Gellalar 
Pathology of the Nervous System,” New York, Paul B Tfoeber, Inc.) 


vesicular nuclei with one or moie deeply stained nucleoli, Some of the 
cells in the autonomic gahglia may have two nuclei. These cells, like- 
wise, have a nucleatecl membranous capsule around them, Some of 
the dendrites of these ganglion cells branch and coil within the 
capsule (intracapsular dendrites), while others pierce the capsule 
(extracapsular dendrites) to terminate at a distance from their parent 
cell, 

Some of the autonomic cells (terminal ganglia of the intestinal wall) 
have no capsules, 


ir) NERFOUS TISSUES 
Nerve. Ennincs 

Nerve fibers terminate in relation to other nervous elements. and in 
relation to non-nervous tissues, This section will deal only with the 
latter, 

Some nerve terminals receive stimuli and translate them ita sen. 
sory impulses (receptors) while others terminate in relation to various 
organs, such as muscles and ghinds, to which they convey motor im. 
pulses that arouse these organs into a state of activity (effectors), Nerve 
endings are thus classified as sensory or motor, 

The function of the receptor organ is to translate various “environ. 
mental” stimuli into nerve impulses, For the most part, these stimuli 
reach the individual by way of the skin (exteroceptige stimuli) and they 








Tia, 79, Neurons fromthe spinal ganglion of a dog. (a) Small cells with unmyelinated 
axons. (b, ¢ d, ¢ and f) Linge cells with myelinated axons. (f) Typical lage aploal, 


ganglion cell showing glomerulus and capsule, “The arrow points toward dhe apinal cord: 
Pyridine-silver method, (From Ranson: “Antony of the Nervous System,” 7th eds 
Philadelphia, W. B, Saunders Co.) 
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— include mechanical, chemical or forms of radiant stimuli, coming from 
outside the body. Included also in this group are stimuli from other 
tissites of the extremities or body wall, These are known as proprio. 
ceplive stimuli. ; 

Each kind of stimulus has a specialized type of nerve ending which 

-it is able to activate, all other endings being insensitive to that part 
ular stimuli. Thus pain has one type of ending, touch has another, cc, 

This general classification of nerve endings will not hold for the 
cranial nerve endings, which have highly elaborated extraceptors, even 
teleceptors being included, They are much more highly specialized 
and vary one from another; they will not be considered at this time, 
but will be described with the particular organs in which they are 
found. 

SOMATIC ATFERENT NERVE ENDINGS. The sensory im- 
pulses which are conveyed by somatic afferent fibers are prodiced by: 
a. proprioceptive stimuli (stimuli from other tissues of the extrémities 















“Kio, 80. Nettvons from the Human ‘superior corvical sympathetic ganglion (pyridine 
“silver” amethod). -(A) ‘Three nerve-cells and the intercellular plexus, (a): Unicellular glomer- 
ulus (2) Neuron with extracipsitar dendrités. (B) ‘Tricelulat glomerulus, (C) Neuron 
‘survarinded by dubcapsular dendelics, Grom Ranson: “Anatomy of the Nervous System,” 
"Th ed. ae AW, 1. Snunders Go.) 
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or body wall) or bh. exteroceptive suinmili (dose that come tram outside 
the body), Both types of stimuli have as cllector organs cither free verve 
endings or encapsulated sivuctures known as sensory end organs, 

Proprioceerive Sarun. These sdimuli eflect Ghiee types ob cllector 
organs: (I) Pacditan corpiseles (encapsulated nerve endings): (2) aay 
dle spindles; and Q) neneotendmous end organs. The libers associated 
with these cllector organs are myelinated, 

(1) PAGINIAN CORPUSCEFS (GORPUSGL FS OF VATER-PAGINI), "These stiuce 
anes occur in considerable numbers in the subeutuimeous tissues ol 
the hands and [eet and in the tissues surrounding (he nipple. Vhey are 
also dound ino the tissue sin- 
rounding the tendons, liga 
ments and joints In this last 
location they are thought to ve. 
spond to changes in position 
and movement of the part 
They also react to deep pres. 
sure as distinct from touch 
(light pressure). Uhey are espe 
Gally abundant in the mesen- 
teries, in the vie nity of the 
blood vessels, and larger lymph 
glands. “They occur also in the 
| ° interstitial tissue af the pancreas 
and other organs. 

They are huge, oval cor 
puscles having their associated 
nerve fiber embedcdedt in a cen- 





Fio. 81. Cross sections of a Pacinian co ‘ : 
pusde fam the meventery of the Gt. Une usd core which is surrounded 


retarched photomicagiiph, (liom al prepa: by a munber of concentric cons 


lauion by Ueldenhain) (Comrtesy, Pentields saa : - ‘ a 
Cytology amd Cellubn Radiology of the — REcive Lassie ltinellae, which 


Nervous System” New York, Paul B, Hoeher, — are lined by connective Ussue 
Ine) . cells so arranged that they simu- 
late the appeaane ol an en- 
dothelium. ‘The lamellae, which are lommed by connective tissue fibers, 
ie separated by spaces containing a lymphlike Muid, Besides one or 
more unmyelinated (hers, a single Jarge fiber (myelinated) enters the 
capsule, Hs neurilemma sheath and sheath al Wenle merging with the 
connective tissue of the lamellae. Its myelin sheath ends abruptly as it 
enters the cove, the naked fiber traversing the core trom one end to the 
other, cnding ina knoblike expansion, Short side branches are given 
oll by the nerve as it waverses the central core, A small artery enters 
with the nerve, its branches extending among the lamellae, 
(2) Muscr 8 SPINDLES, Sensory fibers end in striated muscles, in asso 
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ciation with one ar mare madified niuscle fibers enclosed within can- 
nective tissue, capsulat sheaths. These structures are known as neusole 
spindles or neuromuscular bundles. 

The muscle fibers of the spindles vary in number hom one to 
several and are smaller than the ordinary fibers ol striated muscle, 
They are rich in sarcoplasm. The muscle fibers are striated toward 
their ends, the striations becoming less distinct at the middle of the 
fiber where the sarcoplasm is most abundant and where the muscle 
nuclei are most numerous. The entire structure, which is spindle 
shaped, or cylindrical. is enclosed within a capsule lormed by a thick- 
ening of the connective Cissue ol the perimysinim, The space within 
the capsule is filled with a perifibritlar Nuid. 


i ‘ 





iu, 82, Paeinian corpuscle showing concentric arrange 
ment of lamellae about the core, (a) Asis cylinda, (dh) 
diner cove (mn) Medutlatel fiber entering voie, (Sobotta) 


Muscle spindles are supplied by both sensory and motor nerves, 
The sensory nerve fibers, of which there are three or more, lose their 
investing sheaths as dey enter the capsule, the sheaths of Ilenle merg- 
ing with the capsular tissue, “he myclin sheath disappears and the 
naked fiber breaks up into numerous, treelike branches which are 
closely applied to the surface of the sarcolemma (epilemmal endings). 
These branches frequently wind around the muscle fibers in the form 
of rings or spirals. 

(3) NEUROTENDINOUS END ORGANS (ORGANS GF GOLGI). These struc- 
tures are found in relation to the musculotendinous junction. ‘They 
consist of several tendon bundles which form a spindle-shaped struc- 
ture enclosed by a thin capsule, One or more myelinated sensory fibers 
enter the end organ and break up into numerous branches which form 
complex networks on the tendon bundles, As usual, the myelin and 
sheaths of the nerve fiber are Jost as it enters the capsule and only 
naked fibers are found within the substance of the end organ. These 
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end organs record changes of tension in the muscles and the tendon, 
testing uy change of position and mavement, 

Extrrocrerive Stat, These stimuli reach the bedy from 
the outside, therelore, the eflector organs ol this group are usuatly 





: \ i d oi Ue jp 
Tie 839 Nemomuseula apindte of a hnnan fetus of six 
months (A) Fuge ramilying fiber In shape of chive (G- 
and KW) Linge hedeifoom tenmination Gand GO) Gon. 
neaive use sheath (11) Motor fibeas (i) Line fibas 
(Cella). (Courtesy, Wiener Weitthalord  “bestbook of 
Tistology ,” Philadelphia, Che Mltkiston Gonipatty.) 





located in the shin, ‘They include: (1) free endings; (2) encapsulated 
nerve endings: (a) Meissnen's corpuscles, (b) end bulb of Krause; (3) 
peritvichial endings (around hair follicles); and (4) factile corpuscles 
of Merkle. 

(Ll) rren NERVE ENDINGS. Sensory frbets may end Creely, as in the 
epidermis of the skin. In the skin, as the nerve approaches the epi 
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dermis, it loses its investing sheaths and separates into numerous 
threadlike branches, which pass between the epithelial cells for vat ying 
distances (they do not go beyond the cells of the staum gianulosum). 
‘The fibers end in relation to, but do not penetrate the substance ol 
the cells, Many of the fibers end in small, knoblike enlargements which 
are in contact with the surfaces of the cells. 

Free endings (pain endings), in which the terminal fibeis of sen- 
sory neives penetrate between the cells of an epithelium, are lound in 
the cornea ol the eye, in the oral epithelium and in mucous and 
serous membranes. They also occur in connective tissues, the nerve 
{thers branching and anastomosing to form complicated networks be- 





Fia, 84, Melssnea’s coipuscle in the skin of a finger of a 
six week's old child Golgi TL Method (Rachmatullin). 
(Cowtesy, Biemer-Weatherford’ “texusook of Uustology,” 
Philadelphia, ‘Ihe Blakiston Company.) 


tween the collagenous fibers of the tissue, Nerve endings al this type 
are especially abundant i the dermal and subdermal tissues ol the 
skin. These fibers frequently terminate in beadlike swellings. 

(2) ENCAPSULAIND END ORGANS OF ‘TH EXILROGEPIIVE GROUP IN- 
ciupe: (a) Meissner’s tactile corpuscles and (b) end bulb of Krause, 

(a) Meissner's Corpuscle, The tactile corpuscles of Meissner are 
lound most abundantly in the connective Lissuc papillae beneath the 
epidermis of the palm of the hand, the sole of the foot, and in the Lips 
of the fingers and toes. They occur also in the forcarm, lips, eu, They 
record the sensation of touch. In shape they are oval or cylindrical and 
are enclosed in a thin caunective tissue capsule, They may be recop- 
nized by théir transverse striations or markings, which ave due to the 
horizontal airangement of the cells which extend into the corpuscles 
from the capsule, and the sensory cells or factile plate, The corpuscles 
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receive one to four myelinated nerve fibers, whieh tose their investing 
sheaths, the connective tissue sheath of Henle merging with the tissue 
of the corpusele. The naked axons enter the corpuscle and follow a 
spiial course between the tactile plates. their numerous branches end- 
ing between the plates in knoblike enlargements or networks, Unmye- 
linated fibers also are found in the corpuscle, bat their signiheance is 
not known, 

(b) ud Bulb of Krause. Vhese me the simplest type of encapsu- 
lated end organs. Chey are round, aval anc sometinies elongated 
structtnes in which the nerves end ina 
number of branches that fornr interlacing, 
glomeruluslike coils within the lamellated 
capsule, They ave found in the conjunc 
tiva, the mucous membranes of the oral 
cavity, the synovial membranes of the 
joint cavities, and in’ the connective 
tissues in the various parts ol the body, 
End bulbs, which are structurally similaa 
to the end bulbs of Krause, but which are 
cousiderably larger and receive a greater 
number ol nerve fibers, are found in’ the 
tissue of the glans penis and clitoris, 
These are known as genital carpiscles, 

(8) PERERIGIIAL ENDINGS, “These are 
another form of the free ending, The 
fibers, as they approach the hair tallicte, 

Fe 85. ¥nd bith of Kune Deak up ite numerous fme branches 
ham conjunctiva duiman) Wel which encircle the fallicle and end in ve- 
Sille diate af lhe Cental lation to cells of the outer root sheath, 
Nervous System,” Philadelphia, Uhese fibers receive tactile stimali, 

‘The Blakistay Company.) (4) TACIILE CORPUSCLE OF MERKEL 

Nerve fibers ending in the deeper layers 
of the epidermis have peculiar expansions of the neve terminal, ‘Chis 
consists of a dise-shaped structtire known as a meniscus (tactile disc) 
which lies in contact with modified epithelial cells, These st. uctures 
are known as Merkel's tactile corpuscles. . 

SOMATIC EVFEERINT NERVE ENDINGS. ‘The motor fibers, 
which convey motor impulses to striated muscles, arise trom cells 
located in motor nuclei of the brain and in the ventral horns of the 
spinal cotd, ‘The axons leave the cential nervous system by way of 
the ventral roots (mofor roots) ol the spinal nerves. Uhe fibers of these 
nerves cnicr the perimysium of the muscles where they divide into 
mune) ous smaller branches which pass to the individual musele fibers. 
‘Thus one neuron may innervate several newons and also one muscle 
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fiber may receive nerve branches from more than one nerve fiber, As 
he nerve pierces the perimysium, the connective Lissuc sheath merges 
with the perimysium. The myelin sheath ends abruptly and the libers 
continue to the individual muscle fibers. As the nerves picice the siico- 
lemma of the muscle fiber, the neurilemma sheath fuses with it. The 
Schwann cells accompany the fibers which penetrate the sarcolemma; 
the nerve breaks up into several terminal fibers which ramily in the 
substance of a mass of differentiated sarcoplasm, known as the sole 
plate, about which a number of muscle nuclei are gathered. The entire 
structure is known as a motor end plate, Since these nerve endings 
extend beneath the sarcolemma they are called hypolemmal endings. 

VISCERAL EFFERENT NERVE ENDINGS. The nerve fibers 
which carry motor impulses to the smooth muscles, the secretory cells 
of glands, and to the muscles of the heart, are from the autonomic 
system, They are unmyclinated fibers, These fibers divide into numer- 
ous branches, to form plexuses around bundles of smooth muscle. 
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Fid. 86, Periuichial nerve endings, A foum of fiee nerve endings about hair follicles. 
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Fic, 87, (Top) Longlundinal section of stelated muscle showlng motor nerve endings, 
imac) Medulhied. nerve fiber, Qt.) Nonanedutincd nerve Aber which contibuted 
in accessory epllemmit ending (ae) to the large musele fiber (hawt) and another slur 
ending (o the smaller musele liber (sau), (Courtesy, Bremer Weatherford: “’Cextbook of 
Histology” Plitladelphla, The Blakisten Company.) 

Ma. 88 (Hotiom) Motor torminitions on stviaed muscle fiber (lard). (a) Muxcular 
Nibers. (6) A nerve trunk which splits wp iiito smatC branches, ¢ coming: a few mods 
Jated fibers, d. ‘The medullated fibers, d, end Ia material end plates, ¢. (Gourtesy, Gor- 
dinier: “The Amuomy of the Gentval Nervous System,” Philadelphia, ‘The Blakiston Gom- 


puny.) 


Fine nerve fibers go from these plexuses to end in terminal expansions, 
applied to the individual smooth muscle libers, Nerve fibers end in 
relation to heart muscle in a manner similar co their endings in smooth 
muscle, their terminal fibers lying beneath the sarcolemma. The nerve 
fibers which supply motor impulses to glandular structures, first form a 
plexus beneath the basement membrane. Fibers from this plexus.cermi- 
nate on the gland cells, and have been described as penctrating the cell 
to end intracellularly, ; 


NEUROGLIA 


‘The interstitial or supportive tissue of the central nervous system, 
except for the fibrous connective tissue forming the coverings of the 
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brain and cord (meninges), and that accompanying blood vessels, is 
composed of a specialized type of nervous connective tissue called 
neuroglia. It is composed of cells and their processes, These cells may 
be classified as: astrocytes (astroglia); oligodendroglia; microglia (meso- 
alia); and ependymal cells, Gertain cells which act in a similar 

pacity in relation to the peripheral. nerves, and which should, therefore, 
be included ave: the mantle cells, which serve to encapsulate the gan- 








Fic, 89. ‘wo different types of motor endings on the same 
Merve fibers from the tongue (mouse). "The motor ending 
on the upper muscle fiber shows a periterminal network, ‘The 
terminals on the lower muscle fiber end in loops, (Courtesy, 
Penlields "Cytology and Cellular Pathology of the Nervous 
System," New York, Paul. 3, Hocber, Inc.) 


glion cells; and the cells of the neurilemma sheath. Except for the 
microglia cells, all of the rest of the cells are derived from ectoderm; 
microglia are said to be of mesodermal origin, although this has been 
denied, and-are carried in by the.blood vessels. 

ASTROCYTES (ASYROGLIA), Astrocytes are neuroglia cells 
which have small stellate-shaped protoplasmic: bodies, and relatively 
large, round, ot oval nuclei: containing only a small amount of chro- 
matin, They have many. processes which radiate out from the cell body 
in all directions and branch rather proftsely. They make up the greater 
part of the supportive eleménts of the gray' matter ‘of the brain and 
cord, They are multipolar. cells. Astrocytes ave of two kinds: 1. fibrous - 
astrocyles; and 2. protoplasmic astrocytes, *. 

Finnous Astrocyrss, Chese cells occur in both the white and gray 
matcér of che ceneral nervous system, but they-are much more abundant 
it the white matter, The fibrous astrocytes are characterized by deli- 
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cate, unbranched fibers (neuroglia fibers) extending through bork the 
body and protoplasmic processes of the cell, Their provesses are 
longer and straighter than the processes of the protoplasmic astrocyte, 








Fig, 90. Nerve endings on-smonth muscle cells of corpus clilare of the-muman eye 
penetrating into the cells, 

He, OL, Nerve ancliigs ta cardiac uniscle (Lartoise). (After Boeke, 1d) (Gauriesy, 
Penlield: “Cytology and Gellulur Pathology of the Nervous System,” New York, Paul, iy 
Hoeber, Ine) 
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Fea, 92, Nerve endings in the alveali: of the crimal gland (deft) and inside two cells 
(right). Bielschowsky method, (Courtesy, Penfield? “Cytology and Cellular Pathology of 
the Nervous System,” New York, Paul 3B. Hoeber, Ine) 


However, these processes like those of the protoplasmic astrocyte, also 
terminate in knoblike expansions called perivascular feet. 

Prorop.asmic Asreocy'rrs, These cells are found principally in 
the gray matter of the central nervous system, They are distinguished 
from the fibrous type by. their thicker, branched processes and . the 
absence of fibers. 

Astrocytes appear in relation to blooct vessels, to which they are 
attached by one or more relatively thick processes, which end in ex- 
pansions called perivascular feel (foot plate). Astrocytes are also attached 
to the pia, where together with the eather neuroglia cells they form 
the piaglial membrane, This membrane covers the brain, spinal cord, 
and forms sheaths which enclose and accompany the blood vessels as 
they penetrate the substance of the brain and spinal cord, 

OLIGODENDROGLIA, These cells are not as large as astrocytes, 
They ave characterized by, having small, round nuclei in which the 
chromatin is in the form of fine granules and by relatively few, slender 
processes which do-net branch treely, There are no perivascular feet 
at the ends of the processes, but in their relationship to blood vessels, 
the cell body rests.against the surface of the small vessels. They occur 
in both the gray and white matter of the brain and cord. In the gray 
matter, they are closely:associated with the nerve cells and blood vessels, 
and.are known as satellite cells, In the white matter they tre abundant, 
and‘are arranged in rows between the myelinated :fibers, where they 


“appear to take the place of the neurtlemma cells. Like the neurilemma 
cells they are thought to regulate the formation of myelin and. they 
may participate in neuronophagia, : 


. MICROGLIA (MESOGLIA), Microglia: are anit multipolar cells 
(601 ¢ few are bipolar) in which the irregularly oval, or bent, nuclei 


sare considerably darker thart the-nuclei of the astrocytes and oligoden- 
jipalia, ‘The saul Eyeoplagin sends. out long, slender, branched proc: 


hifi NERVOUS TISSUES 


esses on which are a number of irregular, spinclike culargements, 
-owever, they have no perivascular feet on their processes. Microglia 
cells occur in both the white and-gray matter of the central nervous 
system, They are frequently found in the region of bland vessels, but 
ave not attached to their wall by perivascular feet. These cells may 
arise in relation to the pia and enter the brain along with the blood 
vessels, They are the scavenger tells of the central nervous system, the 
function of which under normal conditions would be restricted to 
the removal of the breakdown products of the mettholism of nervous 
tissue, However, they reach the height of their functional capacity 
under pathological conditions in the nervous system, They then be- 
come actively ameboid and phagocytic. They swell and become known 
as giller cells ov compotud granular corpuscles, 

Identification of neurogtia cells of the central nervous system in 
Nissl stained preparations is dependent an recaguition of their uuclei, 
which are quite typical. They can he distinguished from nerve cells 
by the absence of nucleoli, The nuclei of astrocytes are round or oval 
in shape and have relatively little chromatin material, which occurs tn 
granular form, Because of the scant amount of chromatin material 
the nuclei stain lightly, In size these nuclei are about the same as the 
nuclei of small neurons. The nuclei of oligodendria are smaller than 
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Fic. 99. Diagrammatic represeataion of Interstidal cells of the central nervous system. 
(A) Oligodendroglia,. () Sibrons astrocytes, (C) Microglia. (D) Protoplasmic astrocytes: 
(From Keleg, after Hortegit, from Grinker’s “Neurology,” Ist ed, coretesy, Charles G 
‘Thonn, Springfield, 11) 





NEUROGLIA . 167 








He, 91 Nuclei of astracytes (left), oligodendrogila (center), and inleroglta (right). 
Stainedt with cresyl violet, Photograph hy Weil. (From Ranson: “Artatomy of the 
Nervous System," 7th ed. Philadelphia, W. 3. Saunders Co.) 


those of the astrocytes and they are more darkly stained. The smallest 
nuclei belong to the microglia, Their shape is variable, some are round, 
others are quite elongated and may appear straight or bent in a 
G-shape. They are more deeply stained than the nuclei of either of the 
prececling two cells, 

EPENDY MAL GELLS, These are simple columnar cells with élon- 
gaced nuclei, A long’ slender process extends from the base of the cell 
rather deeply into the underlying nervous tissue. A few cilia project 
from the free surface of the cell (in the embryo, the cilia are more 
numerous, but only a few remain in the adult), These cells line the 
ventricles of the brain and the central canal of the spinal cord. 


The Meninces 

The meninges are the connective tissue coverings of the brain and 
spinal cord, hey consist of three. separate membranes, the outermost 
being the dura mater, the middle the arachnoid, and the inner the 
pia mater, 

"The outer membrane or dura is formed of dense fibrous tissue. In 
the cranium, where it is fused with che periosteum, it consists of two 
layers, The outer or periasteuni is a vascular, connective tissue layer. 
The inner portion or dura proper is a less.vascular, inore compact and 
Jess cellular layer of dense connective tissue covered by a layer of 
flattened mesenchymal cpithelial ‘cells. At certain. points, the inner 
layer forms free folds which extend ‘into the cranial cavity, where it 
i forms partitions or septa: "These folds are: the. falx cerebri which 
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extends into the median fissure that separates the cerebral hentspheres, 
the falx cerebelli Uhat is a similar lold located in the posterior Lossa, 
Te likewise projects forward in the midline, Vhe fewtarian cerebelli 
covers the posterior cranial fossa, and extends between the occipital 
lobes of the cerebrum and the cerebellum, 

The arachnoid or middle layer is separated trom the dura by the 
subdural space. Tt is a thin, avascular, weblike membrane composed 
of interwoven bundles of collagenous fibers and clastic fibers, While 
the arachnoid itsell is avascular, blood vessels pass through tt to enter 
the brain. As the blood vessels traverse the arachnoid they are enclosed 
by this membrane and it forms an investing sheath which accompanies 
the vessels as they penetrate the substance of the brain, In this location 
the avachnoid forms dhe adventitial layer of che wall of che vessels, 
only the capillaries being devoid of this layer. Che surface of the 
arachnoid coward the dara is smooth, but from its inner surface numer: 
ous fibrous strands extend across the subarachnoid space to the pia, 
The subarachnoid space is tho lined by mesenchymal epithelium, 

The pia mater is the immer membrane. [tis a delicate, vascular layer 
of connective tissue which closely invests the brain and spinal cord, 
Te contains the blood vessels which po to the brain and it fornis invesi- 
ments for the vessels when they enter the brain tissue, and in’ this 
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Fu. 05, Diaginar representing a coronal section Uivaugl superior sagttial statis ta shaw 
telution of meninges. (Courtesy, Bremer-Weatherford: “Textbook of Histalogy,"” Phil- 
adelphia, ‘The Wlakistan Company, 
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relationship forms the outer wall of the so-called vascular space. In the 
pia covering the spinal cord, the collagenous fibers are roughly ar- 
ranged in an inner circular and an outer longitudinal layer, 

Both the pia and the dura are well supplied with nerves. ‘The nerves 
to the pia are derived from the autonomic system and are distributed 
to the walls of blood vessels, Besides the autonontic nerves to the blaad 
vessels, the dura also receives many sensory fibers which terminate in 
ihe connective tissue in enlarged or swollen endings or in end organs 
similar in appearance Lo Meissner’s corpuscles, 


SUMMARY 


DEFINITION: Nervous tissues are highly specialized tissue for 
the reception, transmission and codrdination of nervous impulses. 

Nervous System, 

l. Brain 

2. Spinal cord 

8. Peripheral nerves ‘ 

4. Ganglion 

5. End sense organs 

Nervous ‘Tissue, f 

Gom position: 1. Nerve cells or neurons 
2. Nerve fibers 
3. Neuroglia or the supporting tissue 
4, Enel sense organs 

NERVE CELL: Consists ol the cell body and its processes (axons 
and dendrites). 

The cell body and the dendrite are very much alike structurally, 
Both contain Niss! substance, the nevroplasmn is fluid and will escape 
if the cell membrane is ruptured, If the axon is severed, the cell body 
and clendvite do not dic; they are not dependent on the presence of 
the axon, 


Crtaraciy Risucs OF A Nikve Cen. 
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1, Nerve Cell |Processes: Valuable } Vailable |Gray matte: of brainjGranuley (Nissl 
axons and [Round 180 aud spina cards| substance} 
dendiltes jSpindle | microns) | ganglia: of craniai{Neurofililllae 
Stellate and spinal nerves;| Fat droplets 
ganglia af guto-|Pignrent manules 
nomic system Mitochondria 
. Golgi ‘pparaties 
i Nucleus |Well-defined| Round Large dln or neat center al) teen 
nucleall | oroval | cell 
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Lhe axon, on the other hand, contams ne Nissi substance, “Vhe 
neuroplasm is less (uid than that of the cell body and dendrites so that 
even iL the membranes enclosing the axon ae diunaged, the nemo 
plasm does not escape, ‘The avon cannot live il it is cat off trom the 
cell body. 

To fully appreciate the study af specially stained Hemological mate: 
Hal, it is essential to have some understanding ol the selective action 
ol some of the more commonly used stains For detailed information 
the student will have to consult (he more compichensive books ol 
techniques. For a biel survey of the subject the tabular summary on 
page 1'72 should prove helplul. 
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The Vascular System 


The vascular system consists ol a series of vessels which contain the 
two principal fluids of the body, the blood and. lymph, The vessels 
containing the blood, and through which it flaws, constitutes (he blood 
vascular system; those which contain the lymph (/ymphatics) torm the 
lymph vascular system, The blood vascular system forms a “closed 
system” while the lymphatic is usually’ considered to be an “open” 
system of tubes, 


THE BLOOD VASCULAR SYSTEM 


The blood vascular system consists of the heart, a large muscular 
organ which propels blood through vessels, and a sevics of several kinds 
of vessels that carry the blood trom the heart throughout the body and 
back again to the heart, The change in structure fram one kind of 
vessel to another is not abrupt, but gradual, These vessels in order are: 
L, £lastic arteries (aorta, pulmonary, innominate, subclavian and the 
beginnings of the common. carotid arteries); 2, Muscular arleries; 
§, Arterioles; 4, Capillaries; 5. Venues; 6, Veins. The arteries and 
arterioles carry blood trom the heart; the veins and venules return 
blood to the heart. The capillaries are extremely small, thin-walled 
vessels that connect the arterial side with the venous side of the system 
In some places in the body, the capillaries are replaced by sinusoids 
which, while having a few characteristics in common with capillaries, 
differ from them in several important aspects, 

Throughout its entire extent, the vascular system (the heart and 
vessels) is lined by a continuous, unbroken layer of endothelial cells 
arranged as a simple epithelial layer, Because of this the vascular 
system is considered to form a closed system. 


ARTERIES 
ELASTIC ARTERIES, The elastic arteries include those arteries 
which arise from the heart and their branches, Because of their close 
proximity to the heart, these vessels receive the full force of the blood 
as it is-expelled from the ventricles, In order to withstand the terrific 
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pressure to which they are subjected, certain modifications have oc. 
curred in the structing of the walls of these vessels, Phese niodifications 
consist of a marked increase in elastic tissue accompanied by a propot- 
tional decease in the amount ol muscular tissue, Motcover, in these 
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Fie. 96. From a transverse section of the 
human thoraeic aorta, suuined with vesorcin 
fuchsin, 80° X. (at) Pndothehum. — (b) 
Subendothelial fibrous tise (Gd) Elastic 
membranes of the media (Comtesy, Brauner 
Weatherford: “Teatbook of  Ifistotegy,’ 
Philadelphia, ‘The Blakiston Compiny 


- vessels the various fibers take a 
spirally directed course mound the 
vessel walls, 

‘The great increase in the clas. 
tic tissue allows the vessels to ex: 
pand when the blood is forced in 
by ventricular contraction, This 
force is transtormed into pressure 
(by the elasticity of the arterial 
wall) that is r¢leasect aud becomes 
eflective in lorcing the blood on- 
wud during the period when the 
ventricles ae relaxed (diastole), Tn 
thts way aorhydunically continu: 
ous, instead of an intermittent, 
pressive is maintained, 

In these vessels the dudiina con 
sists ol an inner layer of endo. 
thelial cells, an intermediate layer 
ol connective tissue, and an outer 
layer ol clastic tissue, “The endo- 
thelial cells ave thicker, shortet 
and bieader than the calls which 
ling the smation vessels. Phe inter 
mediate connective tissue, on 
which these cells reat, consists ol a 
thin layer ol fine clastic and col- 
lagenous [tbers, “he elasti¢ fibers 
al this layer are continuous with 
the internal elastic membrane. 
This internal elastic membrane is 
composed of a netwark of elastic 
{thers arranged in the form ol 
several lenestiated layers, Some ol 


the clastic libers Lrom this Jayer combine with the elastic fibers of the 
media, Likewise, a lew smooth muscle fibers trom the media may 
penetrate this portion of the intima, 

The media consists mainly of clastic tissue in the form of lenestrated 
membranes, between which the smooth muscle fibers are seen as rela: 
lively thin, Nattened clements, ‘he quantity of muscle in the inedia 
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Jaw. 97. Gross section of a musculu artery stained with resorein-fuchsin, Photomiaagiaph | 


is greally reduced compared to that in the muscular arterics, and the 
fibers ave arranged in the form of a syncytium. The spaces between 
the nvuscle fibers and the fenestrated membranes are ovcupied by deli- 
cate clastic fibers with a few scattered collagenous fibers which seive to 
bind the structures together, 

The adventitia is relatively thin, and consists of both elastic and 
collagenous tissuc. These fibers, like the fibers of the media, pursue it 
spiral course around the vessel wall, 

MUSCULAR ARTERIES, All named arteries, except those cesig- 
nated as clastic arterics, are classed as muscular arterics, Blood is con- 
veyed to the nvuscular arteries by the clastic arteries. Muscular arteries 
are also known as “distibuding ardertes” and, as Unei name implies, 
(heir function is to carry blood to all parts of the body and to regulate 
(by relaxation or contraction of their walls) its distribution as the 
functional needs of the areas demand, 
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‘Lhe’ intima consists of thiee well-defined layers, the endothelium 
lining the vessels, an intermediate layer consisting ob a relatively thick 
layer of delicate collagenous and clastic Lbers, and an intemal clastic 
inembratie, ‘Che meernal elastic membrane is thick and watl-developed 
in the larger medium-sized arteries, In some vessels it shows as a double 
membrane due to splitting of the ayer. In the smaller vessels of this 
class the intima is considerably reduced, and in some cases the endo- 
thelium appears to lie directly on the elastic intema., ‘Che internal 
clastic membrane is thrown into folds by the development ol a well- 
defined, thick, muscular media. 

The media of these vessels is very thick, [t consists of from 25-40 
layers of smooth muscle fibers, arranged in layers which encircle the 
vessels. Longitudinally directed muscle fthers are not present in. this 
layer. Elastic fibers are scattered throughout the media, The arrange 
ment of the clastic tissue in the larger vessels of this group is in the 
form of fenestrated membianes not unlike those of the clastic arteries. 
In the smaller muscular arteries the elastic fibers are thinly scattered 
among the muscle fibers. 

The adventitia of a muscular artery is relatively thick. TC consists 
of collagenous and elastic fibers which are for the most part longitue 
dinally directed, ‘The clastic tissue, new the media, in he lager vessels 
is condensed to form an external clastic membrane, The fibers of the 
outer portion ol the adventitia merge with the loose connective Ussue 
by which the artery is stirrounded. Occasionally throughout (he ad- 
ventitia longitudinally directed smooth muscle cells may be found. 

ARTERIOLES, ‘These small vessels are found between die mus: 
cular arteries and the capillaries. The flow of blood through these vessels 
is intermittent and is slower than in either the elastic or muscular arter- 
ies, Toward the larger end of the arteriole where it merges with the mus. 
cular artery, the coats are similar in structive to these vessels. This 
arrangement is found in arterioles of 400 microns or lager. In vessels 
ranging in size from 400-130 migons there is a gradual deerease in 
the nuinber of muscle layers from a well-defined median to a media 
composed of only 8 or 4 layers of cells. Phe internal clastie membre 
gradually thins down and becomes less distinct, In vessels of 180 mi- 
crons, it is made up ol clastic fibers forming a delicate meshwork, ‘The 
adventitia likewise decreases in thickness, [t is composed of clastic and 
collagenous fibers, The ¢lastic fibers ave arranged longitudinally and 
they tend to be concentrated in the region nearest the media, With 
the further decrease in caliber of these vessels the changes indicated 
above are progressively continued. The muscle layer is still further 
reduced in thickness until, in the precapillary arterioles, the muscle 
fibers uo longer form a complete layer of cells, but rather are repre 
sented by single smooth muscle fibers encircling the vessels, The ad- 
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ventitia is reduced to a thin fibrous layer composed of a thin layer of 
collagenous fibers artanged longitudinally and containing scattered 
fibroblasts. A few clastic fibers are scattered throughout the walls ol 
these small vessels, but a definite internal elastic Membrane cannot 
usually be found in vessels with a diameter of less than 60 microns, 
While these layers become thin and ill-defined in the smallest arteri- 
oles, nevertheless, the three coals, the intima, media, and adventitia, 
can be identified, 
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Tio, 98, Gross section through a small arteriole and 
yenule. Photomluogiaph. 


CAPILLARIES. ‘The capillaries are the smallest and most simply 
constructed vessels of thie blood vascular system, Their diameter varies 
liom 5-10 microns, the average being about 8 microns in man, 

The capillaries branch freely, (he branches anastomosing and form. 
ing complicated networks, Unlike the other vessels of the vascular sys- 
tem, the branches of the capillaries show litte or no change in diameter, 
Morcover, the caliber of cach branch is constant throughout its length. 
The capillary networks form meshes of various patterns and sizes in the 
different tissucs and organs in which they are found. The density of 
the capillary network depends on the metabolic activity of the tissue. 
Wide meshes occur in areas where there is less need tor a rich blood 
supply, as in dense arcolar tissue, The meshes may be small and the 
capillary network very dense thereby forming a vich vascular supply. 
‘This arrangement is typical of the lungs and striated muscle. 

Capillaries are metcly endothelial tubes. When treated with silver 
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nitrate, the boundaries of the endothelial cells appear as fine, dark, 
wavy or serrated lines, In the smaller capillaries, the walls may he 
formed of cells which are bent until their sides me in contact with one 
another. In the larger capillaries, two, three or more celly may be 
required to completely encircle the tube. Surrounding the endothelial 
lubes and accompanying them throughout dieir entire extent is a 
delicate layer of connective tissue (collagenous or reticular connective 
tissue), Also in close contact with the endothelial cells are fibroblasts, 
histiocytes, and undilferentiated nesenchymiatl cells of the connective 





Fs 99, Longltudinal view of amall vein ta show en 
dathelinl cells and valves Note the swelling ef the vein 
Just proximal to the valve, Silversciin, Photomfuogiaph, 


lissuc layer, Anather type of perivascular cell which has been described 
in relation to capillaries is the Rouget cell (first observed in’ the 
‘apillaries of the nictitating membrane ol the frog’s eye). These cells 
are considered by some to be elementary muscle cells and they are 
scattered along the entire extent of the capillary in an irregular fashion. 
Electrical stinnulation causes them to coutract. Rouget cells are clon- 
gated, irvegular in shape, and have numerous slender, branchiug 
processes which cucircle the capillary. The cell bodies and their proc: 
esses contain fibrils which are thought to be the contractile elements 
of the cells. They are thought to assume the role of smooth muscle 
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fibers in relation to the capillary wall, and Gansition forms between 
the Rouget cells aud the smooth niuscle fibers of the arteriole wall have 
been reported, Elowever, these cells are not the only contractile cle. 
ments Lound in relation to capillaries, Recent and carelul observations 
made on the endothelial cells themselves have shown that these cells 
may also contact if they are subjected (a mechanical stimulation, 
However, most of the contractile property of capillary walls is due, 
probably, to a passive contractility observed when the caliber of the 
vessels returns to normal after having been dilated by the blood forced 
into them trom the arterioles, 

The capillaries form an extensive arca throughout the body, Tf all 
ol the capillaries were open at one Lime, the area of this capillary bed 
would be suflicient to contain all the blood in the vascular system, 
Lfowever, only part of the capillaries are open to blood flow al one 
time, the remainder: are collapsed and empty. The nutritional sub- 
stances, brought to the tissues by the blood, pass through the walls ol 
the capillaries into the tissue Mluids, Waste substances, which are re- 
moved by the blood, also pass through these walls to enter the blood 
stream, Leucocytes enter or leave the blood stream. (diapectesis) in the 
capillary areca by pushing their way between the endothelial cells, 
Dilatation of the capillary increases the permeability of its wall. 

Sinusoms, Sinusoids are thin-walled capillary vessels which occur 
in the liver, spleen, bone marrow and the ductless glands. They differ 
from capillaries in being wider and in not having a constant diameter; 
for example, a sinusoid which measures 10 micrans at one point may 
have a diameter of 80 microns at another. The cells which form their 
walls ave loosely attached and occasionally one may separate from the 
endothelium and float away in the blood stream, These cells possess 
marked phagocytic properties, 

Variations of the diameter of the sinusoids in the liver and ductless 
glands are determined by the shape of the cords or masses of the paren- 
chymal cells of the organ. Where the spaces between the parenchymal 
cells are narrow, the diameter of the sinusoid is correspondingly small; 
where the spaces are wider, the caliber of the sinusoid is increased. 
A thin layer of reticular tissue is interposed between the endothelial 
wall of the sinusoids and the parenchymal cells of the organ, 


Veins 


‘The veins are the vessels (with the exception of the portal vessels 
and their wibutaries) through which the blood passes from the capil 
laries to the heart, They can be distinguished from the arteries by their 
relatively (inner walls, the greater diameter of their lumen, and by 
their collapsed condition when empty, There is a decrease in muscular 
and clastic clements and an increase in the collagenous tissue in the 
walls of veins, The muscle layers are separated by many collagenous 
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fibers and there is no distinct intemal elastic membrine except in the 
larger veins, 

The walls of veins, like those of arteries, consist of the three coats: 
intima, media, and adventitia, The development of these coats varies 
somewhat in veins of the same caliber in different localities, 

VENULIS, There is not a pronounced difference, either histo 
logically or functionally, between capillaries and small ventiles, Che 
venules are at first made up of endothelium surrounded by a thin layer 
of connective tissue, As in the walls of the capillaries, a considerable 
amount of exchange ol substances between the bload and tissue Mluids 
takes place in the venules, When the venules reach a diameter of about 
45 micions, scattered smooth muscle fibers begin to appear. Venues 
of 0.2 millimeter diameter have a continnous muscular layer of circu 
lanly ananged fibers, A fairly thick adventitia is present and is com- 
posed of collagenous fibers arranged longitudinally, Klastie fibers are 
lew and scattered, 
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With the increase in size of the veins, Ure muscle layer becomes 
thicker. “Phese muscle fibers ate arranged in layers which are separated 
from each other by collagenous tissue. Klastic fibets inGease in nun ber 
and a pootly organized internal clastic membrane is present, 

MEDIUM-SIZED VEINS, In the medium-sized veins, the intinia is 
thin, The endothelial cells are short and diamond-shaped. Beneath the 
endothelial cells is a layer of fine collagenous and clastic fibers. “Phe 
internal clastic membrane is poorly developed; in the large veins it ty 
represented by a network of clastic fibers, 

The media is relatively thin and consists ol layers of circularly 
arranged muscle separated by collagenous and clastic tissue, The media 
is best developed i in the veins of the extremities. It is poorly developed 
in the veins of the viscera and of the head. 

The adventitia is considerably thicker than the media. [t consists 
of loosely interwoven collagenous {thers in which a number of longi- 
tudinal bundles of smooth muscle may occasionally be present, 

LARGE VVINS, In the very large veins the quantity of circularly 
directed muscle is reduced and there isa marked increase in the longi 
tudinally directed muscle fibers in the adventitia, The media is very 
thin and may be lacking entirely in places, paticularly on the inne! 
uwvo-thirds, the outer one-third being chiefly collagenous fibers, In cases 
where the media is wanting (the venae cavae) these longitudinal fibers 
constitute (he entire musculatne of the venous wall, 

VALVES OF "PIM VEINS. The tendency of the blood to flow 
backwind in the veins, when acted on by gravity, ts prevented by a 
series of structures, the valves, These are present in the medium-sized 
veins (those with a diameter over 2 millimeters), especially those of the 
extremities, The valves are folds of the intima which are attached to 
the inner walls of the vessels. They ae usually located clistal to the 
entrance of a bianch into uie vein, Each valve consists ol two pouches 
located opposite to one another, When the blood settles back in these 
pouches, their {ree edges are pressed together and check the flow of 
the blood from the direction of the heart. 

The valve consists ol connective tissue covered by a continuation 
ol the endothelial lining of the vessel, Mlastic fibers are present in the 
conncetive tissue on the side coward the Jumen, but are absent Crom 
the side of the valve which is toward the wall of the vein. Those veins 
in the body that do not have valves arc: superior and inferior venac 
cavae and their tributaries, the umbilical vein, veins of the brain, 
spinal cord and the meninges. 


ARELRIOVENOUS ANAS VOMOSES 


“Vhere are several places in the body where arterioles join directly 
Lo venules without any intervening capillaries. Such anastomoses occur: 
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in the palm of the band, in use skin over the Ups of (he fingers, in the 
nail hed, and on the sole ol the loot, 


‘Tur Garo Bopvy 


The carotid body (glomus carotica) isa small reddish body about 
the size and shape of a giain of wheat, whieh lies in ar near the bilurea- 
tion of the common carotid artery. UW consists of cords and masses ol 
epithelioid cells arranged about relatively large vascular spaces, A dense 
fibyous matrix encloses the cellular and vascular components, There 
are No chromaflin cells present as was lormerly believed and the latest 
evidence indicates chat this structure is not, therelore, one of the para 
ganglia but rather a chemoreceptor or special seasory organ of (he 
carolid artery. It is vichly supplied with both myelinated and unniye- 
linated nerve fibers which terminate in relation to the epithelioid cells. 

The coceygeal body is a somewhat similar swucture which lics on 
the anterior surface af the coccyx, te differs from the carotid body in 
the origin of its cells, which are considered by same to be smooth 
muscle cells that have assumed an epithelioid appearance, and in the 
arrangement of its blood vessels, ‘These vessels are extremely tortuous 
and communicate with the middle sacral artery. Although its structure 
suggests a possible endocrine function, its character as an cudocrine 
gland has been denied, 


Bioop AND Neve Suprny 

The‘oxygenated blood, carried by the arteries, supplies the intima 
and the inner portion of the media ‘The remainder af the arterial wall 
is supplied by vessels located in the adventitia. ‘hese vessels give off 
branches which penetrate the outer portion of (he media in the larger 
vessels, "he veins, which carry nonoxygenated blood, are supplied with 
vessels which penetrate the mecia, and in the larger veins, may even 
enter the intima, Vessels which cary blood to the walls of arteries and 
veins are known as vasa vasoruam, 

The walls of the blood vessels ave supplied with both motor and 
sensory nerve fibers, ‘The motor fibers are from. the syanpathetic system, 
and are of two kinds: fibers which convey impulses that cause a lessen: 
ing of the caliber of the vessel, the vaso-constrictor fibers; and those 
which cause dilation of the caliber of the vessels, the vaso-dilator fibers. 
Myelinated fibers carry sensory impulses from the walls of the vessels. 


THE HEART 


The heart is a large muscular organ located in the mediastinum, 
a division of the thoracic cavity. Lt is enclosed by a fibrous sac, the 
pericardium, and consists of four chambers: the right and left atria 
and the right and left ventricles. 
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The heart may be regarded, structurally, as ag expanded or over- 
grown artery and vein placed side by side, The right side, which has 
the thinner wall and reccives venous blood, represcuting the venous 
component; the left side, having the thicker wall and receiving arterial 
blood, representing the arterial component, The endocardium would 
correspond to the intima, the myocardium to the media, and the epis 
cardium to the adventitia, 

The heart wall consists of three layers: an internal layer, the endo- 
cardiuny a greatly thickened muscular layer, the myocardium; ancl an 
external fibrous layer, the epicardium. 

The endocardium consists of a layer of endothelial cells supported 
by a thin substratum of very fine collagenous fibers, which rests on a 
thicker layer of mixed collagenous and clastic fibers in which a few 
smooth muscle fibers may be found. It is continuous with the intima 
of the arteries and veins. 

The myocardium is the muscular portion of the heart wall. It con- 
sists of fibers of cardiac muscle, partially separated into bundles by 
septa of connective tissue, Lhe bundles being arranged in layers, In the 
atrial wall the fibers of the superficial layer encircle both atria, while 
the fibers of the deep layer have a longitudinal arrangement in each 
atrium, The muscular layers of the ventricles begin with their attach- 
ment to the dense fibrous rings (aunuli fibrosi), Une superficial layer 
looping around both ventricles, the fibers of the deep layer passing 
through the interventricular septum and encircling a single ventricle, 
The fibers of both layers end in the papillary muscles on the side 
opposite their origin. 

The epicardium is formed by the visceral layer of the pericardium 
and is attached to the external surface of the myocardium, The serous 
membrane, which forms its outer layer, is separated from the myo- 
cardium by a layer of collagenous and elastic fibers, This layer is 
thickened and covers the coronary arteries and their branches as they 
lie in furrows on the surface of the heart. Considerable accumulations 
of fat are formed in these thickened areas. The septa, which lie between 
the partially formed bundles of cardiac muscle, are continuous with 
hoth the epicardium and the endocardium and form a framework by 
which the myocardium is supported. 


VALVEs OF ‘THE Hrarr 


Between the atria and the ventricles are rings of dense filbrous tissue, 
the annuli fibrosi, which provide the principal support lor the tissues 
of the heart, Attached to these rings and extending into the ventricles 
are fibrous flaps or cusps which form the atrioventricular valves, These 
valves are arranged so that when the ventricles contract, blood is not 
forced back into the atria, The free borders of the cusps are altached 
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by fibrous cords (chorda fendinecae) to muscular projections from the 
walls of the ventricles (papillary muscles). 

ATRIOVENTRICULAR VALVES, Phe arioventricuku valves 
are membranous flaps which extend from the borders of the atrioven- 
tricular openings into the ventricles, The valve on the right side con 
sists of three flaps or cusps (Iricuspid valve); that on the left consists of 
two cusps (bicuspid or mitral value). The cusps of the atrioventicular 
valves are attached to the fibrous rings about the atrioventricular 
openings. They are somewhat thickened at their roots. heeoming 
thinner toward their free margins, “Vhey consist af fibrous tissue, ex. 
tending from the fibrous rings, and an outer covering of endothelium 
which is continvous with that forming the lining of the heart, The 
endothelial cells are thickened on the atrial side of the valve, and rest 
ana layer of condensed connective tisste which has almost the con- 
sistency of cartilage. The tissue immediately beneath this layer consists 
of closely interwoven clastic fibers. ‘The connective Uisste on the vens 
tricular side of the valye is more loosely arranged and contains fewer 
elastic fibers, Scattered smooth muscle fibers ave present in the valve 
on the atrial side. Bundles of cardiac muscle extend for some distance 
into the root of the valve, The chorda lendineae are composed of col- 
lagenous and clastic fibers which extend Crone the margins and ven. 
tricular surfaces of the cusps to the papillary muscles, 

SEMILUNAR: VALVES, Pocketlike valves that ave larger, but 
otherwise similar to the valves described for the veins, are located at 
the roots of the pulmonary artery and aorta (senilunar valves), Chetry 
function is to prevent the blood fram returning to the ventricles when 
the latter are expanding, 

Kach semilunar valve consists of Circe packedike cusps arranged 
about the openings from the ventricles into the pulmonary artery and 
aorta. The structire of the cusps is similar to that of the atrioventric- 
ular valves, except that the thicker endothelium and network of elastic 
fibers are on the ventricular side. There is also no extension of muscle 
from the myocardium into the valves. The connective tisste is acctumu- 
lated at the middle of the free border of cach cusp and forms a rounded 
projection, the fibrous nodule, 


ImYuLse Conpuctine Sysrrnt 


In addition to an innervation by way of the vagus and the sympa- 
thetic nerves, the heart has a specialized newromuscular apparatus 
known as the impulse conducting system (bundle of TTis) The function 
of this system is to codrdinate the contractions of the atria and ven- 
ticles, 

This conduction system of the heart consists ol specialized muscle 
fibers known as Purkinje fibers. They form a complex network begin 
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ning in’ the right atrium near the entry of the venae cavie and spread 
throughout the entire heart, extending into the atria as well as the 
ventricles, In the atria where the musculature of the walls is somewhat 
reduced, the Purkinje fibers are concentrated in a small area known 
as the atrioventricular node. Similar areas where (he fibers can be more 
readily identified and demonstrated are known as the siuoquricular 
node and the bundle of Flis. Because of this, these three structures 
have been singled out, studied and described. This has resulted in the 
formation of an crroncons conception of the extent and distribution ol 
the conduction system. 

As usually described the sinoauricular node is located in the sub- 
epicardial tissue at the point where the superior vena cava joins the 
right atrium, near the sulcus terminalis, From here fibers spread into 
the myocardium of the right atrium, The atrioventricular node is 
located in the interatrial septum, principally on the right side in the 
vicinity of the coronary sinus, From the atrioventricular node the fibers 
converge to form the bundle of Tis, which extends into the membra- 
nous portion of the interventricular septum, where it divides into uwvo 
main branches. These branches pass to the ventricles, in the walls of 
which they break up into numerous fine subdivisions which are dis- 
tributed among the fibers of the myocardium, 

The sinoauricular node is thought to initiate the stimuli producing 
cardiac contraction, hence, it is called the pacemaker of the heart. 
Krom here the wave of contraction spreads throughout the atria by 
way of typical cardiae muscle fibers, The impulse reaches the atrio- 
ventricular node and from there it extends along the bundle of THis 
and its branches to the cardiac muscle fibers of the ventricles. 

Purkinje fibers are made up of Purkinje cells laid end to end, ‘The 
appearance of these cells has been carefully studied in human hearts 
by Todd who gives a rather detailed description of two distinct types 
with intermediate lorms, He also describes transitional forms between 
tue cardiac cells and Purkinje cells. 

The adult Purkinje cells make up the greater part of the conduct- 
ing system of the heart. ‘These cells are laid end to end and thus form 
the Purkinje fibers, These cells are large and possess more cytoplasm 
than ordinary cardiac muscle cells. The myofibrillac are reduced in 
number, and are located about the periphery of the fibers, These cells 
show both longitudinal and cross striations, however, the latter are 
more faint than those of cardiac muscle. Intercalated discs cross the 
fibers at irregular intervals, A fine connective tissue (endomysial mem- 
brane) surrounds the individual Purkinje fibers. Bundles of fibers are 
enclosed by a sheath of connective tissue by which they are separated 
from the myocardium, The presence of this system in human hearts 
has been seriously questioned by Glommset. 
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Broop ANd Nerve Suepiy 


The wall of the heart is supplied with blood by two coromny 
arteries which arise from the root of the aorta (aortic sinuses). The 
branches of these coronary arteries spread ont over the surface of the 
heart and their subdivisions penetrate the myocardium where they 
break up into capillaries which are distributed to the muscle fibers, 
Blood is returned from the heart wall through the coronary veins 
which unite to form a lage, thinavalled coronary sinus which opens 
into the right anium, In addition, there ae ‘Phesbian veins which open 
directly into the right avium. 

The heart receives nerves liom the vagus and the sympathetic 
division of the autonomic system by way of the cardiac plexus, ‘The 
vagal parasympathetic fibers end in relation (o ganglion cells in the 
epicardium from which postganglionic fibers penctrate the myo. 
caidium to end in relation to the muscle fibers, Phe cardiac nerves 
carry the sympathetic fibers which terminate in cardiac musculatire 
and in the smooth muscle of the wall ol the coronary vessels, Fibers 
from the vagus transmit depressor impulses, while those from the 
sympathetic system transmit accelerator impulses. ‘ 

THE LYMPHATIC SYSTEM 

‘Lhe lymphatic system is peculiar in that it does nat form a complete 
circulatory circuit, Rather, it begins in blind-end capillaries in the 
peripheral areas and the direction of the flow is toward the heart 
‘Lhe capillaries form an extensive network in practically all of the 
tissues of the body, however, lyniph vessels have not been found in 
the central nervons system or in the endoncuriun of peripheral nerves. 
They are absent also in the parenchyma of the spleen, endomysium of 
striated muscle, the coats of the eyeball and the internal car, 

The lymph capillaries are slightly larger than those of the blood 
vascular system, and owing to the thinness ol their walls and their 
collapsed condition, cannot be distinguished from the surrounding 
lissties in ordinary preparations, In the intestinal villi the lymph 
capillaries are in the form of simple, saclike extensions which are 
called lacteals, owing to the milky appearance of their contents when 
they haye collected the digested fats. 

The walls of the lymph capillaries ave formed by thin, flatcened 
endothelial cells, When their outlines are made visible by the applica 
tion of silver nitrate, the cells are scen to bear a close resemblance to 
the endothelial cells which line the blood vessels. 

The capillaries unite to form the smaller lymph vessels which, in 
(urn, combine to form the larger vessels. The walls of the smaller 
vessels consist of endothelium about which are longitudinally arranged 
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collagenous and elastic fibers (no Rouget cells te present), with a 
scattering of smooth muscle fibers. Py the larger lymph vessels. the 
longitudinally directed collagenous and elastic fibers lorat a kiyer 
which corresponds to the intima of the blood vessels. External to this 
is a muscular coat which cortespands to the median Lhe inner layer 
of smooth muscle fibers is circularly arranged, the bbery of the outer 
layer being more or less oblique in direction, ‘The adventitia consists 
of both collagenous and clastic fibers, in which a tew longitudinally 
directed bundles of smooth muscle may be observed ino the lager 
vessels, ; 

The lymphatics are supplied with valves, which are closer together 
than in the veins, These valves consist af endathelium supported by 
connective tissue, both of which are extensions of the intima, The 
walls of the lymphatics ave expanded in front of the valves, which gives 
the vessels a beaded appeaance, + 

The lymph vessels empty into uve large bunph trintks ov duets: 
the right lymphatic duct and the thoracic duet, The right Jymphiic 
duct isa short vessel which receives the lymph trem the right int and 
shoulder and the right side of the head and neck. Te joins che blood 
vascular system at the junction of the right internal jugular and 
subclavian veins, ‘The thoracic duct begins a short distance below the 
diaphragm in an enlargement, the cisterna chyli, Ue passes upward 
through the thorax into the root of the neck, where it joins the blood 
vascular system al the junction of the left internal jugular and sub- 
clavian veins, It receives lymph trom the left arm and shoulder, the 
left side of the head and neck, the trunk and the lawer extremities, 

The walls of the large lymphatics are supplied with blood vessels 
similar to the vasa vasorum of the arteries and veins, 

The nerve supply is from the autonomic system and is distributed 
to the muscle fibers, A lew fibers, possibly sensory in Lunction, pene- 
trate the intima, 
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Lymphoid Organs 


Reticutar cannective tissue is widely distributed throughout the 
body, In the mucous membranes it lies beuween the epithelium and 
the layer of collagenous andl clastic fibers which form the submucosa. 
In some localities reticular Uissue forms a thin and not readily discern- 
ible layer, as in the membranes lining the oval cavity, the respiratory 
passages, ctc, In the alimentary canal this tissue constitutes a layer of 
considerable thickness, the tunica propria, 

Reticular connective tissue, wherever it occurs, even when it is not 
readily observed, is indicated by the presence of lymphocytes, These 
cells are especially numerous in areas where the tissue is abundant, 
The manuer in which lymphogytes are assembled varies with the 
locality and the amount of reticulum present. Where the reticular 
lisse Corms a relatively (hin layer, the lymphacytes are mare or less 
scattered, This is known as diffuse lymphoid tissue, In areas where the 
reticulum is more abundaiit, the lymphocytes may be crowded together 
in irregular miasses, the aggregate type of lymphoid tisstre, In other 
aicas, lymphocytes may lorm aggregations which present a more or less 
definite or circumscribed outline when scen in sections, Such bodies 
ave known ag lyniple nodules, When ally developed, lymph nodules 
possess 2 lighter central arca known asa germinal center. The presence 
ol the germinal center is not constant, but is correlated with the 
functional activity of the nodule, In the germinal center the lympho- 
cytes are larger and are not as closely crowded as in the darker area by 
which it is surrounded, The meshes of the supporting reticular network 
are wider in the germinal center chan in the adjacent parts of the 
nodule, The coarser meshes in the center permit the lymphocytes to 
separate from one another, while the finer meshes of the reticulum at 
the periphery of the nodule hold the lymphocytes in a more compact 
mass. 

Lymph nodules may appear singly (solitary nodules), or in groups 
(aggregated nodules; agminated glands}, as in Peyer’s patches in the 
lower portion of the small intestine. Lymphoid structures of this type 
are not separated from the surrounding tissues by connective tissuc 
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capsules. Fneapsulated aggregations of lymph nodules form the so- 
called lymphoid organs. These are the lymph glands (lymph nodes), the 
spleen, the thymus, and the fousils, 


LYMPH GLANDS 


Lymph glands are small bodies varying Irom a millimeter to two 
centimeters, or more, in Iengih. They occur in connection with (he 
lymph vessels in various parts of the body, In certain localities, such as 
the cervical, axillary and inguinal regions, they occur in groups, These 
gioups are known as the cervical, axillary or inguinal glands according 
to their Jocation, Lymph glands ate especially numerous in the mesen- 
tety, where they occur in connection with the mesenteric lymph 
vessels, 

A lymph gland is a somewhat flattened, bean-shaped body with an 
indentation, the Rilo, on one of its borders. The arteries enter and 
veins and lymph vessels leave the gland at the hilum, The parenchyma 
of the gland is invested by a dense connective tissue capsule which. is 
somewhat thicker at the hilum, The capsule consists ol compactly 
arranged collagenous fibers with scattered elastic fibers, The clastic 
fibers become more plentiful in the inner part of the capsule, From 
the capsule are given off, at right angles, connective tissue lrabeculae 
or septa which extend into the outer or cortical portion of the gland 
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Fie, 101, Section through a lymph node, (c) Connective tissue capsule. (Ps) Palpheral 
sinus, (Cs) Cortes, (Mad) Medulla. (11) [tlus. (aly) Aterent Jymph vessely (ely) Efferent 
Iymph vessels, (1.1) Lymph nodules showing germinal centers, (fr) Tiabecula extending 
fom the capsule into the coitex, 
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and incompletely divide it into compartments. In the inner or medul- 
lary part of the gland these trabeculae branch and anastomose to form 
irregular spaces, Communications exist between the compartments of 
the cortex and between the cortical compartments and those of the 
medulla, The connective tissue of the capsule also extends into the 
gland at the hilum. 

The compartments and spaces between the trabeculae are occu 
pied by lymphoid tissue, This consists ol reticular fibers which form 
(he principal framework of the gland, and the numerous lymphocytes 
with which the meshes of the reticulum are filled, Toward the 
periphery of the gland the lymphoid tissue forms one, two, or more 
nodules in each compartment, however, not all of the lymph nodules 
show a germinal center. The portion of the gland between the lymph 
nodules is filled with diffuse lymphoid tissue. The nodules and the 
diffuse lymphoid tissue by which they are surrounded, constitute the 
corlex of the gland, 

The diffuse lymphoid tissue is continued into the middle of the 
gland in the form of branching and anastomosing cords which enclose 
a mumber of open lymph spaces, These spaces are not separated from 
the cords by an endothelial lining, but are simply areas in the lymph 
gland trom which lymphocytes are absent, and in which portions of 
the supporting reticulum may be visible, These spaces communicate 
with one another and converge toward the hilum, "The portion of the 
lymph gland which is occupied by the cords of diffuse lymphoid tissue 
is called the medulla, The medulla is surrounded on all sides by the 
cortex, except at the hilum, 

The capsule docs not lie directly on the parenchyma, but is sepa- 
rated from it by a space, the peripheral sinus, The sinus extends into 
the stibstance of the gland on both sides of the trabeculae, and com. 
municates with the lymph spaces in the medulla, Reticular fibers may 
be seen crossing the sinus from the capsule and trabeculae to. the 
parenchyma. 

The gland is supplied with both afferent and efferent vessels. A 
number of afferent vessels penetrate the capsule and open into the 
peripheral sinus, Unlike the blood vascular system which consists of 
a “‘closed’’ system of vessels, the lymph system is an open system and 
the Jymph which is brought to the gland by the afferent vessels circu 
lates frecly throughout the sinuses of both the cortex and the medulla, 
The medullary sinuses give rise to a number of small vessels which pass 
toward the hilum, At the hilum these vessels join to form the efferent 
vessels. 

An artery, which enters at the hilum, divides into branches, some 
of which go to the lymphoid cords of the medulla, the others continue 
in the trabeculae. The vessels to the medullary cords, after sending fine 
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branches to these structures, continue into the cores where they end 
in a network of capillaries in the nodules, The arteries entering Ue 
trabeculae supply blood to the connective tissue of the trabeculae and 
to the capsule, which they also invade. Branches fom the tuabecular 
arteries pass Unrough the lymph sinuses to enter the parenchyma, where 
they terminate in capillaries in the lymph nodules. The blood returns 
in veins which follow the course of the arteries to the hilum where 
they unite to form a single vein that leaves the gland at this point 
The vessels do not communicate with the lymph spaces, but form: a 
closed system in the gland. 


Gorminal contor of nodule 
Modullary corda Sinusos — Afforent vouaol 
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Fie, 102. Dinguam of a lymph ghind “The saculne 
supply is not shown, Arteries usually enter and the velus 
leave the aigan at the hilum. (Courtesy, Caler "Com 
parative THstology,” Vhilwetphin, “Lhe Blakiston Com: 


pany.) 


The nerves ave from the autonomic system, ‘They enter at the 
hilum and ave distributed mainly to the walls of the blood vessels, 

Lymph glands perform two important lunctions: first, the pracdue- 
tion of lymphocytes; second, the removal of bacterial organisms and 
particulate matter, which may be brought into them in the lymph. 
This phagocytosis is carried on by the macrophages and the reticular 
cells which have retained their phagocytic properties, 

The cells which are to be observed in the parenchyma of a lymph 
gland are those which belong to the reticulum, Logether with sinall, 
mediunrsized, and large lymphocytes, and macrophages, There are 
two dlistinct types of cells forming the reticulum, phagocytic and non- 
phagocytic, The latter are similar to the undifferentiated mesenchyme 
cells and can give rise to reticular cells proper and to lymphocytes, ‘Che 

- other cell type is the reticular cell proper which is definitely phagocytic 
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Mie, 1038, Geaminal center of human tymph node, Laige dear cells resembling promyel> 
ogtes may be seen within the meshes of the reticular tissue; Uausidonnl forms of lage 
add snudt lymphocytes may be seen, Cells frequently show riltotic figures, (Courtesy, 
Bromer-Weatherford? “Pextbook of Ulstology,” Philadelphia, ‘Phe Blakiston Company.) 


and is a part ol the reticulo-endothclial system. These cells may become 
detached from the syneytinm of which they area part and become free 
macrophages. A few plasma cells, granulocytes and red corpuscles are 
lonnd as lree cells scattered throughout the parenchyma of the gland, 
These cells have probably entered by way of the blood stream. The 
small lymphocytes form the majority of the cells, 

They are most abundant in the part of the nocule which surrounds 
the germinal center and in the diffuse tissue between the nodules, ‘The 
medium-sized and large lymphocytes are most abundant in the germinal 
centers. ‘The frequent presence ol mitotic figures in these cells indicates 
an extensive cell prolileration in this region. The macrophages 
resemble the lymphocytes, except that they are larger and are provided 
with a nucleus which is not as densely chromatic. They are to be found 
in the germinal centers and in the lymph spaces and sinuses. Reticular 
cells ave Lo be identilied in the lymph spaces by their association with 
the fibers of the reticulum, 

There is a considerable disagreement concerning the relationships 
of the cells in the lymph gland, The most commonly accepted view is 
that the undifferentiated reticular cells leave their position in the 
reticulum and divide, producing the medium-sized lymphocytes which, 
by continued division, produce the small lymphocytes. By a process of 
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growth, the small cells become medium-sized and large and they are 
able to divide, small lymphocytes being the products of this division, 
Small lymphocytes are also derived trom the lage lymphocytes, the 
“lymphoblast” of the dualists and polyphyletics, 


HEMOLYMPIHL GLANDS 


Hemolymph glands aie similar to lymph ghinds in their general 
appearance, except that they are a deep red color, resembling small 
clots of blood in the tissues in which they occu, "Phey are Lound around 
the roots of the mesenteric arteries, in the region ol the renal vessels 
and in association with the lymph glands in the mesenteries, The great 
variations in the size and structure of hemolymph glands has led to a 
considerable diflerence of opinion regarding their character, The 
plesence of these stiuctunes has been described in some of the smaller 
animals (sheep and pig). It is doubtlul iL real hemolymph nodes occur 
in man, Glands which have been reported as hemolymph ghinds are 
now thought possibly to be simply lymph nodes in which hemorrhage 
has occurred either within the gland or in relation to the afferent 
vessels and the red blood cells have been brought in by one of these 
afferent vessels, 

A typical hemolymph gland resembles a lymph gland in its form 
and general structure. It is invested by a connective tissue capsule, 
from which trabeculae extend into the gland. The parenchyma is 
divided into a cortex and medulla, in both of which the lymphoid 
Lissuc is greatly reduced in amount. Nacules, with germinal centers, are 
usually present in the cortex, Both afferent and efferent lymph vessels 
are wanting, the blood vessels communicating directly with the sinuses, 
Thus both the sinuses and lymph spaces are filed with red corpuscles. 
The presence of macrophages with pigmented cytoplasm indicates what 
the worn-out red corpuscles are disposed of in the hemolymph glands, 
by the phagocytic action af these cells, 

THLE SPLEEN 

The spleen has been regarded by some investigators as an over: 
grown hemolymph gland, which it more nearly resembles in its gen- 
eral structure than it does a lymph gland. Lt differs from the lymph 
gland in that it has no allerent lymph vessels, neither does it have 
lymph-filled sinuses. The sinuses in the spleen are filled with blood. 
The spleen is five or more inches in length, about four inches in width, 
and is located to the left of and a litle behind the stomach, Its substance 
is soft and pliable, so that it is casily moulded by contact with adjacent 
structures. The surface of the spleen, toward the wall of the stomach, 
presents an indentation, the Aihwn, at which point the splenic vessels, 
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Fic. 104, Section through a human spleen, Photonilcrograph, 


supported by connective (issue from the capsule, enter and leave the 
organ, 

The parenchyma of the spleen is enclosed by a connective tissue 
capsule, lxternal to the capsule is a thin Jayer of loose connective tissue 
covered by mesothelial cells (peritoneum) which forms a scrous invest 
ment for the organ as far as the hilum, Here the serous membrane is 
reflected away from the spleen and is continuous with the peritoneal 
lining of the abdominal cavity, From the inner surface of the capsule, 
trabeculae extend into the substance of the organ and furnish the main 
support for the reticular tissue that lorms the framework by which 
the parenchyma of the spleen is supported, These wabeculae branch 
and the branches anastomose, thus incompletely dividing the organ. 
The capsule and trabeculae are composed of many elastic fibers inter. 
woven with collagenous fibers, and scattered small bundles of smooth 
muscle. Since the spleen is subject to considerable change in size, the 
large quantity of clastic (issue and smooth muscle in the capsule allows 
it Lo stretch Lo accommodate Lo this variation in volume, 

The reticular tissue between the trabeculae forms the stroma and 
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supports the splenic pulp, ‘The pulp consists of a variety of cellular 
elements, among which the red blood co puscles and lymphocytes form 
the predominant constituents ‘Che lymphocytes have their ovigin: in 
the lymphoid tissue of the spleen, A luge number of cells known as 
splenic calls (splenocytes), together with a lew granulocytes and plasma 
cells, are also present. 

The splenic cells or splenocytes, once thought lo be characteristic 
ol the spleen, are now believed to be identical with the monocytes 
which are produced in the spleen or those brought into the spleen by 
way of the blood stream, They ave intensely phagocytic, and ingest nor 
only fragments af worn-out red corpuscles, but entire corpuscles as 
well, In their laiger fornis, these cells bear a close resemblance to free 
macrophages. It is quile probable (hat the monocytes, av spleni¢ cells, 
not only enter the spleen in the blood stream. but that they are also 
derived, by division, from the phagocytic reticular cells or Ceam lympho. 
cytes, In this case, they would be related to the lymphocytes on the 
basis of thely origin, No clear evidence bas yet been produced to dis: 
prove their lymphatic oigin. 

Numerous sinusoidal capillaries extend (hroughowt the parenchyma 
of the organ and separate the pulp inte cordlike masses, the splenic 
cords, Within the pulp cords there are compact masses of lymphocytes 
antanged in relation to blood vessels (branches of the wabecular 
arteries), At a number of poinis along the arteries the lymphocytes ot 
the white pulp are in the lorm of nodules, and are known as splenic 
nodules or Malpighian corpraceles, Germinal centers may or May Not 
he present. The number of germinal centers present decreases with 
age, The arteries around which these corpuscles are organized are not 
cenivally located but tend to be eccentric in relation to the nodular 
Lissue. Nevertheless, the arteries are referred ta as the central arteries, 
Two arteries are frequently present in places where the nodule is 
formed about the bilurcation of a vessel. In splenic nodules the 
adventitia of the arteries is replaced by a reticular tissue in which there 
is an extensive proliferation of Ivmphocytes, ‘The remainder of the 
pulp is composed of diffuse lymphoid tissue in which there are numer: 
ous red blood cells. This is known as the red pulp of the spleen. 

The blood supply is by way of the splenic artery, which enters 
the spleen at the hilum, Branches of the splenic artery enter the 
trabeculae and are now known as /rabecular arteries. These arteries 
continue for a short distance in the wabeculac before they leave to enter 
the substance of the pulp, In the pulp the adventitial coat is replaced 
by a reticular tissue layer into which lyniphocytes filler to form the 
splenic nodules, In their relation to the nodules of the white pulp 
the arteries ave known as central arteries, On leaving the nodules the 
arteries enter the red pulp and divide into a number of long, delicate 
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branches which are called penieilli, because ol their brushlike appear. 
ance, Kach long branch of the penicillus has three portions, In order, 
they are called the pulp artery, sheathed artery, and the terminal 
arterial capillaries, The pulp arteries are longer than cither of the 
succeeding arterial portions, "Whe unica media of the pulp arteries is 
made up of smooth muscle which is in direct contact with the red 
pulp, These vessels divide to form the sheathed arteries, which ae 
enveloped by spindle-shaped sheaths, formed by the modification af 
the reticular tissue surrounding the vessels. The reticular cells and 
{thers (orm a concentrically arranged mass of tissue about the vessels 
which is known as the sheath of Schweigger-Seidel, The lumen of the 
vessel is narrowed as it passes through the sheath, an arrangement 
which is evidently a device for reducing the volume of the blood that 
enters the terminal arterial capillaries, The sheaths do not possess 
muscle fibers and appear to exist for the purpose of enabling the wall 
of the artery to resist the increased pressure at this point. Beyond the 
sheaths, the arteries break up into their terminal branches (terminal 
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Tig. 105. “Sheathed atery" in the. spleen of a att. Contracted organ, Suse fixations 
godtremethyt blue, 800 X. (Riedel) (Courtesy, Bremer-Weatherford: ““Testhook ol 
Histology,” Philadelphia, The Blakiston Company.) 
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Fro. 106. Diagtant to itustiate the theones of caculation in the spleen, Looped aupil- 
Javies me shown tn the splenic corpusde. ‘Lhe left branch Ulusuates the “open” type of 
uratlaton with fenestrated end bulb; the center branch is pmiuly “closed” but shows 
pervious sinuses; the ught bitch fs “closed” with impetvious sinuses (under nowunal 
conditions), “Liabecalar yeins detin the sinuses, (Couttesy, Mremer-Werthe fords“ Vexts 
book of Listology.” Philadelphia, Lhe Blakiswan Company.) 


arterial capillaries) which communicate with the sinusgidal capillaries 
in the splenic pulp, Vhere is some disagreement as Lo the exact nature 
of these terminations, Some, who consider the vascular system as a 
“closed system,” believe the capillaries are directly Continuous with the 
venous sinuses, Others think that {rom the capillaries the blood goes 
free into the substance of the pulp and enters the venous sinuses 
through slilike openings in their walls, 

‘These venous sitwuses exteud throughout the red pulp where they 
anastoniose freely with one another, ‘The cells lining the sinuses (known 
as special endothelial cells, lining reticular cells ov littoral cells) are 
long, spindle-shaped cells with bulging nuclei which lie with their long 
axes parallel to the long axis of the vessel. These cells are fixed macro- 
phages rather than the usual typical endothelium and are phagocytic. 
They are Lo be considered as part of the reciculo-endathelial syste, 
Some investigators believe these cells are separated by slitlike spaces, 
which are open when the vessel is expanded and closed when it is 
contracted, thus allowing cells to enter or leave the blood stream by 
passing through the wall of the sinusoid by way ol these slits. However, 
such permanent slits have not heen demonstrated. Outside of the cells 
lining the sinuses is a layer of civeularly arranged reticular fibers which 
are continuous with the reticular fibers of the splenic cords, 

Knisely, who has studied the circulation in transilluminated splecns, 
believes that il is a closed system. He found that some of the branches 
of the sheathed arteries extend without enlargement, to the collecting 
veins, Others, which constitute the greater number, end in sausage 
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shaped, pulsating structures, several of which may communicate with 
one another before joining the vein, Owing to some weakness of con- 
striction, fissures appear in the walls of these enlarged vessels through 
which blood “leaks” into the pulp, In this manner, cells from the 
blood stream may enter the pulp, and likewise, may pass from the pulp 
into the blood stream, 

The venous sinusoids join to form the pulp veins, these in lun 
join to form the trabecular veins, and the splenic vein is formed by 
the union of the trabecular veins, 

The types of cells found in the spleen are; (1) Two kinds of cells 
forming the reticulum: the undifferentiated cells and the phagocytic 
reticular cells (fixed histiocytes); (2) Lymphocytes (large, medium and 
small); (3) Monocytes; (4) Red blood corpuscles; (5) Granular leuco- 
cytes; and (6) Megakaryocytes, 

The spleen does not possess any afferent lymph vessels as we find 
in the lymph glands, The lymph vessels which are present are efferent 
vessels and are found only in the trabeculae and the capsule. There are 
no lymph vessels present in the parenchyma of the gland. 

Nerves to the spleen are nonmyelinated fibers from the sympathetic 
system, They enter at the hilum and are distributed to the walls of 
the blood vessels and to the smooth muscle fibers in the capsule and 
urabeculae, A few myelinated fibers, which are regarded as sensory, 
have also been observed, 

"The function of the spleen cannot be considered as vital in the sense 
that man cannot live without it, It can be removed without any obvious 
effect; however, its functions are varied and ave of importance, 

In the foetus the spleen is one site of blood-cell formation, After 
birth, however, only lymphocytes and monocytes are normally pro 
duced there, In cortain pathological conditions, nevertheless, the spleen 
can again assume ils full hemopoietic function and produce all types 
of blood cells. 

The spleen is also important in the metabolism of iron in the body, 
The phagocytic cells of the spleen destroy red blood cells, and iron 
is salvaged from their hemoglobin, This tron is stored until it is needed 
for the formation of more hemoglobin. 

The spleen also stores large numbers of red blood cells (it can store 
up to 1/6 of the total red blood cells) and when these cells are needled 
in the peripheral circulation the spleen contracts by means of the 
muscle fibers in the capsule and the cells are expelled into the 
peripheral vessels, 

It filters the blood, its phagocytic cells removing any loreign 
particles, degenerating blood cells, or bacteria. As part of the reticulo- 
endothelial system the spleen is also thought to be important in the 
production of antibodies. 
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Ki. 107. Section (hough part ol a thymus of a child at bith, Eenntoxytian and: eosin 
sin, Photomitrograph, 


THEE THYMUS x 

The thymus develops as tubular diverticula from the epithelium of 
the third pharyngeal pouches, Some people believe that contribucions 
{rom the cervical sinus are also involved tn forming the thymus, These 
diverticula at first possess a lumen but this disappears as their growth 
continues downward, the uubelike structures becoming cordlike masses 
of epithelial cells, The epithelial cells continue to grow and form 
lateral oulgrowths hom the cords, which lay the foundations lor the 
‘later Jobulation of the thymus, The cells ol the cords undergo a trans 
lormation and become stellate in form. The processes of these cells 
anastomose and establish a reticulum which serves as a framework for 
the gland. ‘Thymocytes also appear about this same time, Asa result of 
the growth and proliferation of the stellate cells, the lobation of the 
thynius is more definitely established and its division into a cortex 
and medulla becomes apparent. There scems to be litte question about 
the origin of the stellate cells of the reticulum [rom the epithelioid 
cords. However, there is considerable ditfercence of opinion concerning 
the origin of the thymocytes, One view is that these cells are epithelial 
in origin, being derived hy proliferation from the cord cells, their 
resemblance to lymphocytes being fortuitous. Another view, and one 
that is widely held, is that the thymocytes are ine lymphocytes which 
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have migrated into the thymus trom the surrounding mesodermal 
tissuc. The absence of nodular formation in the cortex of the thymus 
has been urged against the lymphocyte origin of these cells. Fin the- 
more, experiments with x-rays undertaken to prove their lymphoid 
origin have given quite contradictory results, Uherelore, the question 
regarding the uue character of these cells is, at present, far (rom 
established. 

The thymus consists of two clongated, somewhat flattened, lobes 
which extend (rom the root of the neck into the upper part of the 
thorax where they are located behind the sternum, The gland is 
inclosed by a fibroelastic capsule, extensions of which penetrate its 
substance and divide its Jobes into a number of incompletely formed 
primary and secondary lobules, These lobules have a peripheral 
cortical area and a central core, the medulla, 

‘The cortex is the dense outer portion of the lobules, It consists of 
the stellate reticulum and numerous small cells closely resembling 
lymphocytes, which fill the meshes of the stroma, These cells are known 
as Urpmocyles, 

The medulla is considerably lighter than the cortex. It consists ol 
stellate reticular cells and a relatively smatl uamber of thymacytes, 
to which may be added leucocytes, an occasional multinucleated giant 
cell and a few macrophages, Infrequently in man, but quite constantly 
in some of the lower animals, a cysdike structure lined with ciliated 
cells, may be present in the thymus. This probably represents the 
remains of the tubular diverticulum from the pharyngeal pouches, 

The most characteristic structures of the unymus are the (mnie 
corpuscles (Hassall’s corpuscles), They occur ouly in the medulla and 
appear as light arcas which are to be recognized by the concentric 
arrangement of the clements of which they are composed. These cor- 
puscles which appear early in foctal life, are at first few in number, 
but continue to increase up to the period when the involution of the 
thymus begins, Thus hoth small and large corpuscles are present in the 
medulla at the same time, 

A thymic corpuscle results from the growth and transformation of 
stellate reticular cells. The cell enlarges and as it increases in size, its 
cytoplasm undergoes certain degenerative changes and becomes filled 
with a hyaline substance, By its enlargement the cell comes into contact 
with other cells which are also undergoing similar changes, and which 
hecome trauslormed through pressure, into flattened, crescentic ele- 
ments concentrically arranged about the central cell. The cells at the 
center of the corpuscle break down into a formless mass and may 
even undergo calcification, 

A small Hassall's corpuscle may consist of only a single cell which 
has undergone degenerative changes. These changes are evident in the 
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staining reaction of the nucleus and the development of the hyaline 
substance in the cytoplasm. The larger coi priscles consist af a central, 
hyaline mass surrounded by cells which have undergone considerable 
degeneration and have become concenwrically arranged around the 
central mass. 

The bianches of the blood vessels which supply the thymus, are 
located in the connective tissue septa, Gapilliaies trom these vessels 
pass into the cortcx and medulla, the vascular supply of the former 
being somewhat greater than that of the Jatter, The Luger veins arise 
in che medulla and leave the thymus by lollowing the course of the 
arteries, 

The lymph vessels which arise in the medulla, and are principally 
located in the interlobular connective tissue, pass to the neighboring 
lymph nodes. 

Vibers from the thoiacic sympathetics and from the vagus nerve 
end in the walls of the blood vessels and in the medulla, 

The thymus grows rapidly from carly foetal life until the second 
year after birth, from which time und puberty its rave of growth is 
much slower, Alter puberty the (hynus undergoes a process of involu. 
tion (age involution) in which the thymic tissue is greatly reduced and 
replaced by fat, In older people the thymus is simply a mass of fat which 
preserves to some extent, the size and shape of the gland, It contains, 
however, small patches of thymic tissue which never whally disappear 
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from the thymus, even in old age it is present in small amounts, The 
thymus may show severe atrophy (accidental involution) at any age, 
but particularly before puberty, as a result of severe inlections or 
wasting cliscases. 

Although its growth and retiogression is correlated with the process 
of sexual maturity, in the absence of accidental involution, the exact 
unction of the thymus is not clear, There appears to be an interaction 
between it and some ol the other ductless glands such as the thyroid, 
adrenals and gonads, since involution of the thymus occurs in the 
presence of the hormones produced by these glands. Tis possible 
function as an oan ol lymphocyte production, although strongly 
emphasized by some, appears on the whole to be problematical. It is 
an interesting clinical lact that removal of the thymus in myasthenia 
gravis relieves the symptoms, but the explanation of why it is effective 
is unknown, 

' 
THI TONSILS 

The tonsils are masses of lymphoid tissue located about (he passages 
which lead (rom the oral and nasal cavities to the pharynx, They are 
the palatine ov faucial lonsils, the lingual tonsils, and the pharyngeal 
tonsils (adenoids), Small accumulations ol lymphoid tissue about the 
openings of the Kustachian tubes into the pharynx are sometimes 
relerved to as the fibad Lonsils, 

VUEE PALATINE (FAUGIAL) ‘TONSILS, ‘Lhe palatine tonsils 
are almond-shaped bodies (auygdalae), consisting of masses ol lyt 
phoid tissue, which are located on either side of the passage (lances) 
loading Irom the oral cavity to the pharynx, They are covered by a 
thick layer of stratified squamous epithelium, Beneath the epithelium 
is a layer of reticular Ussue (/uuica propria) which has attained an 
exceptional depth in Uris region, The collagenous and clastic fibers ol 
the submucosa are condensed to form a capsular structure which 
invests the tonsil on all sides, except where it is covered by the 
epitheliaa The reticular tissue is filled with lymphocytes, and together 
they form a mass of lyrmphoid tissue within the investing capsule, In 
sections, striated muscle fibers belonging to the pharyngeal muscle 
may be seen external to the capsular tissue, The collagenous fibers 
form a relatively thin, intervening layer between the lymphoid tissue 
and the muscle, Trabeculae enter the substance of the tonsil from the 
capsule, and provide not only a patiway for the blood vessels by 
which the tonsil is supplied, but also form an additional support for 
the reticular tissue which constitutes its framework, 

‘ach tonsil has 15-20 pitlike invaginations of its epithelium, the 
tonsillar crypts, ‘The epithelium is considerably reduced, and quite 
thin in the deeper portions of the crypts. 
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Fe 109, Section through a fateh tonsil, (hp) Saatihed squamoud epithelium cove 
ing the tonsil (Le) “Lonsihn aspt. din) Lymph nodules (GQ Germinal center al a 
nodule, (Gp) Connective tissue capsules (la) Liabeculs of connective Ciague extending 
from the capsitle into the substance (parenchyum) af the tonsil, (By) Blood vessels, 


The lymphoid tissue is in (he form ot nodales, of which there are 
a considerable number beneath the epithelium and about the crypts. 
The spaces between the nodules are filled with difluse lymphoid tissue. 
Germinal centers are present in some of the nodules and contant small, 
medium-sized, and large lymphocytes. Mitotic figures in the medium. 
sized and large cells indicate that the germinal centers ave arcas ol 
extensive lymphocyte prolileration. 

Lymphocytes leave the nodules and enter the diffuse tissue. Some 
of these cells may enter the blood stream and be carried away lrom 
the gland, while others migrate through the epithelmm of the crypts 
ind also Uhrough the epithelium which covers the surlace of the tonsil, 
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Alter passing through the epithelium they enter the salive where they 
ate known as salivary corpuscles, The number of lymphocytes invading 
the epithelium of the tonsil mtay be so numerous that the epithelial 
cells in the areas whee the invasion is taking place cannot he 
discerned, Ifowever, the epithelium is not destroyed, its cells are 
merely pushed to one side and fattened. Aller the passage of the 
lymphocytes, the epithelial cells resume uneir normal form and position 
in the tissue. 

Other cells, such as granulocytes, mast cells, and plasma cells may 
be found intermingling with the cells in the tonsil. Small groups of 
mucussecreting glands occur in the connective tissue outside the 
capsule, The ducts of these glands lead to the surface but, in a few 
instances, may open into the deep portion of the crypts. 

THE LINGUAL TONSILS. ‘The lingual tonsils are located 
beneath the epithelium which covers the base of the tongue; the 
accumulations of lymphoid tissue forming rounded clevations on its 
surlace, 

The crypts are pitlike invaginations of (he epithelium, some ol 
which ate branched, They open to the surface, or onto the foramen 
caectim, which is located just behind the circumvallate papillac. 

The nodules are clusicred around the crypts, the intervening spaces 
being filled with diffuse lymphoid tissue, Germinal centers aie gen- 
erally present in the nodules, The surrounding connective tissue docs 
not form a definite capsule, but blends with the supporting tissue of 
the tongue, Mucussccicting glands are present in the peritonsilla 
tissue, their ducts leading into the tonsillar crypts. 

THE PHARYNGEAL 'TONSIES. The pharyngeal tonsils are 
masses of lymphoid tissue located in the posterior wall of the naso- 
pharynx between the pharyngeal openings of the Eustachian tubes, 
Owing (o the thinness of the tissue which lines the roof of the 
pharynx, the lymphoid tissue in this region is not very thick, 

The crypts about which the nodules are gathered are branches 
liom a single large pit which opens to the surface. As in the other 
tonsils, the nodules are surrounded by diffuse lymphoid tissue, 

The epithelium by which the pharyngeal tonsils are covered is o! 
the pseuco-stratified columnar type. When affected by inflammatory 
conditions, or as age advances, this may change to stratified squamous 
epithelium, Flowever, the pseudo-stratified epithelium remains un- 
changed in the bottom of the crypts, In the young, the pharyngeal 
tonsils are frequently hypertophicd and form large aggregations of 
lymphoid tissue known as adenoids. As age advances, tonsillar tissue 
may undergo retrogressive changes, and the amount of lymphoid 
tissue becomes greatly reduced. 


206 LYMPROED ORGANS 


‘The tonsils differ stuctnally liom lymph glands in that they have 
neither afferent lymph vessels nor lymph sinuses. ‘The eflerent: tym- 
phatic vessels arise from cipillies around the outer surlace of the 
glands. 

The blood vessels which supply the tonsils, erter the capsular tissue 
from below and at various points along the sides. ‘These vessels pass 
into the tonsil in the Gabecular tissue, which they leave to enter the 
nodules im the manner already described lor the lymph glands and 
spleen. 

The nerves ae branches from the sympathetic system, and are clis- 
tributed to the walls of the blood vessels, Same sensory tibers are also 
present, 

The tonsils contibute to the formation of lymphocytes. They also 
act as filters Lor forcign particles and bacteria, 
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Tro 110. Section through crypt of a pharyngeal tonsil showing pseudostrntified epttheltum 
lining aypt. Photomicioguiph. 
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Watnnyer's PHARYNGEAL RING 


The phagocytic cells produced by the activity of the tonsils, exist for 
the removal of organisms and particulate matter which lodge on the 
mucous membrane of the fauces, the oral cavity, and the upper 
respiratory passages. Therefore, the tonsils ave to be 1egarded as im- 
portant protective structures. This is also indicated by (heir arrange: 
ment which forms an incomplete ring about the respiratory and oval 
openings. This ring consists ol the pharyngeal tonsils above, the pala- 
tine tonsils on either side, and the lingual tonsils below, and is known 
as the pharyngeal lymphoid ring of Waldeyer, 


The structure of the lymphoid organs is summarized in the table 
which appear on pages 208 and 209. 
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The Digestive Systcm 


‘The digestive system consists of the alimentary tract and accessory 
glandular organs, The function ol this system is to reduce food 
materials (o a condition which will permit their absorption into the 
blood stream, and the removal olf residual waste material from the 
body. The process by which these functions are accomplished is pardy 
mechanical and pardly chemical, “The various digestive organs are 
structurally adapted to the parts of the process they have to perform, 

The digestive tube consists of the mouth, pharyuy, esophagus, 
stomach, small and large intestines, rectum and anal canal, From the 
mouth to the stomach, with the exception of a short portion of the 
esophagus which lies below the diaphragm, the tubular portion of 
the alimentary tract is surrounded and supported by connective tissue. 
Tn the abdominal cavity the greater portion of the intestines hangs 
Lree yet is altached to the bocly wall by folds of mesothelium supported 
by connective tissue, ‘These folds lorm the mesenteries and are a 
continuation of the peritoneum by which the abdominal cavity is 
lined. 

Structurally the mouth and pharynx differ (rom the other portions 
of the alimentary tract. The mouth is adapted by special structures, 
the teeth and tongue, to the mechanical process of mastiauion, whereby 
the food is reduced Lo small masses and mixed with the secretion of the 
salivary glands in preparation for swallowing. The structure of the 
pharynx is adapted to enable it to perform a double function of 
serving both the digestive and respiratory systems. The chemical work 
of digestion, and the processes of absorption, take place in the stomach 
and intestines, the epithelium which forms their lining being modified 
to meet these requirements, Their walls also contain numerous glands 
which produce substances that are active in the process of digestion, 
or by which the passage of lood through the tube is facilitated. The 
lower portion of the tract is less concerned with digestion and absorp: 
tion than with the passage of the unused residue, hence ils structure is 
adapted to the work of elimination. 

In spite of special structural modifications in various areas of the 
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digestive tract from the beginning of the esophagus through the 
reclum, which occur in response to the functional demands of particu 
lar regions, there is a fundamental structural plan for the entire tract 
on which these specialized structures are imposed. This conimion struc 
tural plan consists of a tubular structure whose wall is made up ol 
five layers: (1) A mucosa, which lines the lumen of the tube and con- 
sists of an epithelium resting on a layer of reticular tissue called the 
tuatica propria (mearbrana propria), (2) A muscularis mucosae, which is 
a thin layer of smooth muscle fibers that lies between the tunica propria 
and the subjacent tissue, Since the muscularis mucosae is associated 
with the mucosa only in the digestive tract it will be considered asa 
separate entity, which in this particular location is interposed between 
the mucosa and the underlying submucosa. (8) The sudurucosa is a 
loosely arranged layer of collagenous and elastic fibers which gives sup- 
port to blood vessels, lymphatics and nerves. (4) Encircling the subnau- 
cosa is a coat of smooth musele, the muscularis externa, consisting of an 
inner layer that is circularly arranged and an outer layer that is longi- 
tudinally arranged. (5) In the esophageal and rectal segments, the 
outermost layer, the adventitia, consists of fibrous connective tissue, 
hy means of which these poruions of the tube are firmly attached Lo the 
adjacent structures, Throughout the remaining extent of the tube the 
outer investment is called the serosa or serous coat (loose connective 
tissue covered by a single layer of mesothelium) and consists of that 
part of the mesentery by which the greater part of the abdominal 
portion of the alimentary canal is invested, 

Throughout the length of the alimentary canal there is little 
variation in the form and arrangement of the submucous and muscular 
coals. The paris which are almost completely enveloped by a serous 
coat are the portion of the esophagus that lies below the diaphragm. 
the stomach, the greater part of the small intestine, and that part of 
the large intestine known as the transverse colon, The remainder ol 
the large intestine is covered by a scrous membrane on ane of ils sur 
faces; the surface which does not have a serous coat is attached to the 
body wall by connective tissue. ‘The rectum is enclosed by an adven- 
utia, as is the esophagus above the diaphragm, 

THE LIPS 

The upper and lower lips bound the aperture (vima oris) which 
leads into the mouth, Each lip presents an external or cutaneous surface 
and an oral or mucous surface, The border of the lip lies between the 
two surfaces, from which it is separated by poorly defined anterior and 
posterior angles, [t varies in thickness in different individuals, 

The cutaneous surface is covered by an integument consisting of 
a stratified squamous epithelium, the epidermis, which resis on a dense 
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layer ol fibroelastic tissue, the corium or denn. Vopether, the epi- 
dermis and corium form the skin, ‘The epidermis is extremely thin, 
its external layer consisting of hard, cornified cells, "Phe papillae are 
low and not especially numerous, The collagenous aad clastic fibers 
which form the subcutaneous tissue (lela subcutanea) beneath the 
corium are loosely arranged and contain small masses al fat cells. 

The structures associated with the integument are the hatr follicles, 
sebaceous glands and sweal glands. The hair follicles are tubular 
invaginations of the epidermis which extend deeply into the corium. 
In sections, portions of the hair shalt are frequently observed in the 
follicles. The sebaceous glands, which are associated with the hair 
follicles, are saclike structures filled with relatively large, polyhedral 
cells, The ycNowish color of these glands is due to the oily nature ol 
their secretion, ‘The sweat glands ave long, slender epithelial tubes 
which extend fiom the suitace of the epidermis into the deep portions 
of the corium, their coiled secreting portions frequently lying in the 
subculancous tissue, (For details of structure ol skin see p. 366,) 

The epithelium increases in thickness as it passes over the anterior 
angle to the border ol the lip. Te also becomes more deeply papillated, 
The rich supply of blood capillaries in the papillae, which extend 
almost lo the surface of the epithelium, gives the border ils deep red 
color, The thickened epithelium passes over the posterior angle to 
continue as the lining of the oral cavity, 

Covering the posterior surface of the border of the lips of infants, 
the epithelium develops an unusual thickness and is characterized by 
a large number of deep, narrow papillae. "This overgrowth (hyper: 
trophy) of the tissue is due to pressure stimultis, resulting from the 
contact of the lips with the nipple, and is known as the sucking disc, 

The mucous membrane, which lines the immer or oral surface of 
the lip, consists of a stratified squamous epithelium resting on a thin 
tunica propria, beneath which isa layer of loosely arranged fibroelastic 
tissue lorming a submucosa, The cpithelium is considerably thicker 
than that on the cutancous surlice and is more deeply papillated, The 
surface cells, owing to their moist environment, are nol as extensively 
comified. The wmica propria is a thin layer of reticular tissue which 
is almost invisible with ordinary magnifications, its presence heing 
indicated by a line of scattered lymphacytes, The submucosa contains 
aggregations of glandular tissue, the labial glands, the acini of which 
are composed of mixed mucus: and serous-sccreting cells, Some of 
the labial glands ave deeply placed and lie between the muscle bundles. 
They belong to the class known as branched tubuloacinar glands (sce 
‘ection on glands). In sections, their ducts can irequently be traced 

2 the surlace of the epithelium on which they open, 
As seen in section, the mid-portion of the lip is occupied by bundles 
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Bio, TL, Vertical section though the lower lip of a man of nineteen years, LOX. 
Epidevnis and covim constitute the skin; epithelium, . propria, and stibmucosa foun 
the oral mucous membrane. (Comtesy, Bremer- Weatherford: “Textbook of Ustology,” 
Philadelphia, "The Blikiston Company.) 


ol striated muscle (MM. obicularis aris), the fibers of which are cut trans- 
versely. The muscle bundles are separated by septa of connective tissue 
which extend (rom the subcutaneous tissue (0 the submucosa, 

The blood supply of the lip is through the labial branches of the 
external maxillary artery. These branches form a plexus in the sub- 
cutancous and submucous tissue, from which smaller branches pass 
to the various structures in the lip. 

The nerve supply is by both myelinated and unmyelinated fibers. 
The myelinated fthers uve branches of the Ligeminal nerve which, after 
losing their myelin sheaths, end in sensory corpuscles in the papillae 
or as [ree fibers among the cells of the epithelium, The untuyclinated 
fibers are from the autonomic system and end in relation to the walls 
of the blood vessels, the Jabial glands, sweat glands and hair follicles, 


THE MOUTIt 
The alimentary canal begins with the mouth which is closed 
anteriorly by the lips. Posteriorly the oral cavity is continuous with the 
pharynx, It contains the tongue and the teeth and receives the secre 
tions ol the salivary glands, [t is lined by a mucous membrane which 
becomes continuous with the mucous membrane covering the inner 
surface of the Lips. The mucous membrane consists of a layer of strati- 
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lied. squamous epithelium which rests on a connective tissue stroma, 
Owing to their moist environment, the surlace cells of the epithelium 
awe not extensively comified. ‘The superticial cells are readily desqua- 
mated and appear in the saliva as Fattened epithelial elements, The 
epithelium is penetrated by papillae from the underlying connective 
issue, ‘Lhe papillae are best developed and are most numerous in 
those portions of the mucous membrane which are most highly sensi- 
tive. 

There is no muscularis mucosae, 

Underlying the mucous membrane is a submucous layer consisting 
of collagenous tissue and a few clastic fibers which give support to 
blood vessels, lymphatics and nerves. There is no submucosa beneath 
the epithelium of the hard palate, the connective tissue of the mucous 
membrane consisting of a thin layer of hbers which merges with the 
periosteum of the bone, There is considerable variation in these layers 
in the various parts of the mouth, which involve differences in the 
thickness of the epithelial layer and in compactness of its underlying 
stroma, the number and height of the papillae, the character and 
thickness of the submucosa, 

Both mucus: and scrous-secreting glands are present. They are small 
Inanched tubwar structures whose secreting portions for the most 
part extend into the submucosa. Where the submucosa is entirely miss. 
ing or extremely thin, Ure glands are lew or ibsant. 

The blood vessels form a plexus in the submucosa from which 
looped capillary branches extend into the papillae. 

For the most part, the smaller lymphatic vessels and capillaries are 
found in the stroma under the epithelium, The larger vessels of this 
area drain into still larger vessels in the submucosa. 

The mucous membrane is supplicd with both myelinated and 
unmyelinated nerve fibers, The myclinated fibers are sensory and. end 
in corpuscles in the papillae, or as free terminal branches in the 
epithelium. The unmyelinated fibers are from the autonomic system 
and end in the walls of the blood vessels. 


; The Trern 

Due Lo their extensive calcification, the teeth are the hardest struc- 
tures in the body. They appear in two sets: the deciduous teeth (milk 
dentition), which begin to erupt about the sixth or seventh month 
after birth and are shed between the sixth and twelfth year, and the 
permanent dentition, which follows the shedding of the milk dentition 
and is completed about the eightoenth year or even later, 

The varying forms of the teeth are an adaptation to the purposes 
for which they ave used. The incisors, with their chisellike edges, are 
for biting; the fanglike canines are employed for tearing: while the 
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premolars and molars, which have their occlusal surfaces divided by 
furrows into two or more cusps, are arranged for grinding the food. 

The teeth are set in pitlike excavations (alveoli) in the bony rim ol 
the jaw, The jaw is covered by a layer of epithelium and subepithelial 
connective tissue, forming the gum (gingiva). As it approaches the 
surface of the tooth, the epithelium dips downward, forming a space 
between the tooth and the gum known as the gingival crevice, The 
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Fro. 112. Vertical section of an Infertor canine tooth, In situ. 4X. (Told) (Courtesy, 
J ve Schaeffer, Kd “Mowris' Human Anatomy,” Philadelphia, The Blakiston Con 
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rim of the jaw in which the teeth are set is called the alveolar border, 
The epithelium and connective tissue of the gum ine continuous with 
the mucous membrane of the onl cavity. 

The portion of the tooth which extends above the gum is called 
the crown, The root is the portion which extends into the alveolus and 
the neck is the slightly constricted part between the root and the crown, 
‘The connective tissue of the alveolar horde: is continued into the 
alveolus, about the root, and forms the peridental membrane, 

Although the teeth me simian to bone in respect to hunches, and to some 


extent in their formation, they do not belong to the skclewud system, but ie ecto 
dermal stuctuies which atise from the epitheliau that dines the oral civity, 





The teeth are composed of thice fundamental dental tissues: 
enamel, dentine, and cementum, The enamel, which covers the 
crown, is the hardest and most resistant. (eis thickest on that portion 
of the crown which comes in contact with the food and with the other 
teeth, and becomes progressively Ghinner toward the neck where it 
ends, ‘The dentine underlies the enamel and cement, (Ce conlormys to 
the general shape of the tooth and provides the foundation on which 
the other structures of the tooth are built, “Phe cementum is the 
external covering of the 1o00t, Tt presents a lamellated structure similar 
to that ol bone (it does not, however, contain Haversian systems), and 
contains lacunae and canaliculi in which cement cells are arranged 
in a manner comparable to the osteocytes occupying the lacunae in 
bone, 

THE ENAMEL, While the enamel organ is the first part of the 
tooth to appear, actually the deposition of enamel and dentine occur 
almost simultaneously, Fnamel is an extremely hard substance consist« 
ing of 96 per cent inorganic material, the remaining 4 per cent being 
organic material and water, It consists of a sevies of hexagonal, rodlike 
structures, the enamel rods, rod sheaths, wid at cement substance, 

The enamel rods extend obliquely from the dentinoenamel junc 
tion to the surface ol the tooth. During development cach enamel rod is 
formed by a corresponding enamel cell or aaneloblast. Vhe rads are laid 
down in successive layers as a soft, pre-cnamel substance which under. 
goes a rapid calcification. The process by which the substance of the 
cnamel is deposited is not continuous, but consists of alternate periods 
of activity and rest, During the inactive period the rate of calcification 
is lessened, Calcification begins near the lree surlace of each rod and 
spreads toward the attached end, This spread is not uniform through 
oul cach enamel rod, but the calcification occurs sooner on one side 
than the other. This accounts for the odd impressions seen in the walls 
of enamel rods. 

The rod sheath is a thin layer at the periphery of the enamel rod 
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that has a somewhat different refractive index than the vest ot the 
enamel. Tt differs from the enamel red by conttining more organic 
material and being Jess completely calcified, 

A cement substance binds the enamel rods together, tn ground 
sections it is apparent asa narrow line that is somewhat more relractive 
than the rod sheaths, 

™ general the enamel rods lie at right angles to the surface of the 
underlying dentine, Their length is variable depending on their 
direction and the thickness of the enamel they traverse. The rods are 
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Tia, 113. Diagrammatic representation of a pmeually erupted milk tooth. The xoot 
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not shaight tabular structures but show varying degrees of waviness. 

Jn longitudinal sections of ground sections of a tooth, a series of 
dark lines are seen; they extend over the tip of the dentine and on the 
sides of the tooth they extend obliquely upward hom the dentinos 
enamel junction to the surlace of the tooth, These lines ave cue to dil 
ferences in the rate of formation of eniuuel mauisx and are known as the 
lines of Reizins or “incremental” lines, When seen in cross section of at 
tooth, these lines appear us a series of Concentric rings accurring al 
regular intervals and they have been compared to the growth rings in 
the cross section ol a Wee. 

The growth of enamel takes place more tapidly over the crown ol 
an incisor or cusp ol a molar, than on the sides. Chis results in an in 
crease in its sturlace area with a corresponding diflerence beth in the 
length and in the direction of the enamel rods, When the enamel is ob- 
served in ground (oath sections, some of the rods are cut transversely, 
others obliquely, and still ovhers longitudinally, When such a section is 
viewed by reflected light, the areas in which the rods are cut transversely 
appear dark; those which are sectioned obliquely and longitudinally ap- 
pear light, The section thus presents broad light and dark areas which 
are due Lo the direction of the enamel rors, ‘These alternating light and 
dark areas are known as the bands of Hraiter-Schreger, 

When the tooth erupts it is covered by a chin, structureless men: 
brane called the enamet cuticle. ‘This structure gradually disappears as 
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a result ol wear due to the efieets of various mechanical influences 
(chewing, etc.). 

During the development of the tooth, various lines or imperlections 
appear in the enamel due to disturbances in the calcilication of this 
layer, The most comman of these imperlections are: enamel laurellae, 
enamel Lufls, and enamel spindles. 

Enamel lamellac are irregularities or cracks which run the entire 
width of the enamel, They usually extend in a direction parallel to the 
long axis of the crown of the tooth, and are produced in developing 
enamel along lines of tension. 

Knamet tulis begin at the dentindenamel junction and extend fora 
variable distance into the enamel. Their odd tufUike appearance is due 
to the projection into a single planeellect produced by observing (hem 
under low magnileation) of groups ol curved fibers that actually lie in 
many different planes, These Cults are poorly calcified enamel rods, to- 
gether with a good deal of cement substance, 

The dentinoename! junction is not a smooth, uniform line but is 
irregular, due to spindlelike processes of the odontoblasts (dentine pro- 
ducing cells) which have extended into the enamel layer belore it was 
completely calcified. These processes are known as enamel spindles. 

DENTINE, The greater part of the tooth is made up of dentine, 
which conlorms to the general shape of the tooth, In the region of the 
crown it is covered by the enamel, while in the region of the root the 
cementum rests upon it, Chemically it is made up of approximately 70 
per cent inorganic material and gO per cent arganic macter and water, 
The calcification ol dentine is not so extensive as (hat of enainel, hence 
iL is somewhat solter and more elastic, a condition which is essential for 
the stipport it gives the enamel against applied pressure. Unlike 
enamel, which isa product of the ectoderm, dentine is derived from the 
mesoderm, Dentine is similar to bone in its chenical components, Both 
have a dense, hard matrix, however, they differ in that the bone matrix 
contains osteocytes and lacunae, while the dentine contains numerous 
fine tubules, the dentinal dubides, in which are found long protoplasmic 
processes extending from the cells (odontobtasts) that line the pulp 
cavity. These processes are known as the dentinal fibers of ‘omes, The 
substance of the dentine immediately surrounding the tubules is es 
pecially resistant to the action of alkalies and acids, and forms the 
sheaths of Newmann. Owing tq che fact (hat the tubules form small 
spirals in their course through the dentine, they have a wavy appearance 
in sections. As they approach the dentinocnamel junction they break up 
into a nunxber of delicate, anastomosing hanches, Most of ihe tubules 
do not pass into the enamel, although a few may be observed! to end in 
connéction with the enamel spindles, or heuween the enamel rods, 

Between the dentinal tubules the matrix consists of a calcitied 
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Ba, 1S. Junction of the enamel and dentine at the clown af the tooth, (4) Mnamel 
(D) Dentin, (et) Enamel reds (dQ Dentinal dubules, (ig-ig!) Enterglobuli spaces, 
(Duawn fiom Sobotta’s Aas) 


cement substatice in which are numerous fine collagenous fibrils, These 
fibrils ave arranged in bundles and, in general, vun perpendicular to 
the dentinal tubules. 

Areas occur in the dentine in which thé organic base lails to calcily, 
especially beneath the cnamel which covers the crown of (he tooth, 
When seen in ground sections these areas appear as dark, irregular 
spaces known as the ilerglobular spaces. Actually they are areas which 
are poorly calcified and the organic material is replaced with air, Some- 
what similar appearing spaces always occur in the dentine immediately 
adjacent to che cementum which covers the root. These spaces differ 
jrom the interglobular spaces only in their location and size. Due to 
their small size they appear as granules when seen under low magnifica 
tion and because ol this, the area in which they occur has been named 
the gramuar area of Tomes, ‘These spaces conwin organic material 
which is supposed to be sensitive to thenmal and chemical stimuli, in 
spite of the Lact that it has been impossible to demonstrate nerve fibers 
in these spaces, It is thought that these stimuli may reach the underly- 
ing nerve fibers by way of the dentinal fibers and the cell bodies of the 
odontoblasts, The dentinoenamel junction is also a very sensitive area. 

‘THE CEMENTUM. ‘The cementum is the fast of the fundamental 
dental tisstics to be developed, its function being to provide a firm an- 
chorage for the tooth in the jaw. Cementum is a substance not unlike 
hone in its composition and structure, [is laid down on the dentine of 
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the root in much the same manner in which subperiosteal bone is 
formed. Gonnective tissue cells are translormed into ¢ementoblasts 
which deposit the cementum in layers or lamellae, The lamellae are 
thin in the region of the neck but increase in thickness Loward the apex 
or terminal end of the root of the tooth, The fact that a lamella may be 
thicker in one part than in another indicates that the rate at which the 
cementum is deposited varics in different regions, There is also a varia 
tion in the character of the cementiun which may be almost transparent 
in one region and dense and granular in another, 
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Fie, 116, Section of a tooth at the junction of the dentine 
anid cementum, (D) Denting, (C) Gementum. (1) Granular 
met of ‘Lomes, (It) Lacnnae and canalicull In the comen- 
uum. (sp) Spaces in ‘Tomes’ mea. (dt) Denti tubules. 


The Jacunae are occupied by cement cells (cementocytes) whose 
protoplasmic processes extend through the canaliculi, The lacunae 
and canaliculi are similar to those observed in bone, except that they 
are larger and coarser, 

Cementum may be formed at any time during the life of the Loqth. 
It provides an anchorage for the fibers by which the tooth is fixed in 
the alveolus, Whenever the fibers become loosened so that there is an 
undue increase in the movement ol the tooth, new deposits of cemen- 
tum are laid cown and a firmer fixation of the tooth is established. his 
type of hyperplasia requires the cementum to have a high vitality and 
does not occur in periclasia, 

DENTAL PULP. The dentine encloses a considerable cavity (pulp 
cavity), This communicates with the exterior by means of a canal ex- 
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tending through ¢he root of the tooth (read candi). “Phe canal apens 
through an aperture known as the apical faranen, The pulp cavity con. 
tains mesenchymal connective tissue, the deatal pulp, which consists of 
stellate or fusiform cells with numerous branched proc The inter. 
cellular spaces are occupied by a fluid matrix in which a number of 
delicate collagenous fibers are present. ‘The dental pulp itso contains 
many nerves and blood vessels. ‘The wall of the pulp cavity is lined by 
columnar cells, the odontoblasts, that are arranged perpendicular to 
the wall, Protoplasmic processes from these cells extend into the den 
tinal tubules as the dentinal fibers of ‘Fomes, 

The dental pulp apparently exists for the upkeep of the dentine, 
Some evidence has been provided to show that fluids fram: the pulp 
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Fig. 117. Ol fmmersion photomicrograph of diree cementum corpuscles, each tin lt 
lacuna, Note the'Uny radiating lacunar canals (analicull), which contain fine processes 
from the corpuscles. The-mauix is made up of fine connective dssuc Mbrils, Into which ins 
organic sally are precipitated ‘diving. the calcification processes, Cement carpuscle 
processes are directed coward the perlodonu menthrine. Krom a ground section of a 
human molar, Photographed at 2000 X. (Courtesy, Dr BL OQ. Ac Thounts, University: of 
Washington Dental School.) 
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cavity may pass through the dentine and may even be diffused through 
the enamel. Whenever the dental pulp has been destroyed, the dentine 
undergoes degenerative changes and the character of the enamel muity he 
profoundly altered. 

THE PERIDENTAL MEMBRANE. The space between the 
cementum and the bone of the alveolar wall is filled with connective 
tissue, This constitutes the peridental membrane, which is continuans 





Chile fied Predentiie Layer of Dental 
dentine ’ (Dentinald) odontohtasts. pulp 





U8. Human premolar tooth, ‘This demonstrates the formation of dentine, "The 
fal colar odontoblast celts are well shown, as is the layer of uncaleifled dentine 
mauix (predentine). und the cuicified. dentine. An iea of the young pulp Ussue is alsa 
clearly demonstrated: Photographed at 440 X, (Courtesy, Dr Be. O. AL Thamas, Unt 
versity of Washington Dental Schoob) ? 
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Fro, 119, bis Siaiaiaigr ai are ne tp (uper) of the root of n fully formed 
tooth, and a portion of the peladontal membrane (ibvous commective Useig) which 
serves to attic the cementum to the ayeolir bone, Several cemenuian corpuscles, in 
theh lacunnie, me well shown. See higher magnification of cementite corpuscles also.) 
Cross secon showlng the Unee layers of the pellodanti membrane seen ln the growlag 
tooth germ of humans, Photographed at 400 X. (Gomtey, Die WO, A. Lhomas, Uni 
versity of Washlugton Dental School) 
with the connective tissue of the gum (gingiva) at the alveolar crest. Tis 
fibers intermingle with those ol the periosteum of the bone and also 
with the pericementum. Between these layers the tissue is more or less 
loosely arranged to provide lor the passage of blood vessels and lymphat 
ics. Some of the fibers are in the form of bundles which extend trom 
the bone of the alveolar wall to the cementum about the root of the 
tooth and the ends of the fibers are embedded in both, These bundles 
of fibers are known as the dental ligaments. The dental ligaments are 
so directed that they enable the tooth to resist pressure and also to fix it 
more firmly in the alveolus, 

Blood vessels to the toath enter the root canal through the apical 
foramen and extend into the pulp cavity, where they break up into 
nunicrous anastomosing branches, ‘hese vessels have exceedingly thin 
walls and may become greatly distended by increased pressure of the 
hlood. When these distended vessels press upon the delicate nerve fibers 
which lie between them, severe pain results, 
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The alveolus is supplied with blood vessels which enter it by pass- 
ing over the alveolar crest, or through channels incthe bone. UW also 
receives branches from the vessels which enter the tooth through the 
apical foramen, These branches unite to form a network, thus assuring 
the peridental membrane a rich supply ol blood. 

Trom three to six nerve filaments enter the tooth, following the 
course of the blood vessels through the root canal. In the pulp cavity 
the fibers break up into numerous delicate fibrils which end in relation 
to the odontoblasts. So lar as is known there are no nerve libers in the 
dentinal tubules; the failure to demonstrate their presence, however, 
may be due to faulty techniques, 

TILE DEVELOPMENT OF THE TEETH. The first indication 
of tooth development is evidenced hy a thickened epithelial ridge 
(denial ridge) which appears during the sixth week of embryonic de- 
velopment along the future alveolar border of the jaw. By the con- 
tinued prolileration of the cells of this vidge a shelflike structure is 
formed (dental lamina) which pushes downward into the subepithelial 
mesodermal tissue, This lamina first appears anteriorly, from which 
point it grows progressively backward. A serics of buds al ten different 
points, corresponding (o the (tture position of the deciduous teeth, are 
formed on the border of the dental lamina by the continued growth of 
the epithelial tissue. These buds expand to form a cap-shaped structure 
and later appear as a bell-shaped structure. This briefly traces the de- 
velopment of the enamel organ. The enamel organ not only gives rise 
to the Loath enamel but it also determines the shape Ouaileh of cusps, 
ete.) of the crown of the tooth. 

As seen in section, an cname! organ consists of a layer of cuboidal 
cells which form its upper and side walls (outer enamel cells), Con- 
tinuous with the outer enamel cells, but pushed iupward so that they lie 
partly within them, is a row of columnar cells (iner enamel cells), At 
first the cells enclosed by the outer and inner enamel cells are similar to 
those which form the superficial cells of the dental ridge, of which they 
are the counterpart, As the development of the enamel organ pro- 
gresses, these cells are pushed apart by an accumulation of fluid and 
assume a stellate shape, their protoplasm being extended in the form 
of a number of branched processes, ‘This tissue is known as the stellate 
reticulum and its appearance is not unlike that of the primitive mesen- 
chyme, The cells of the stellate reticulum, together with the Muid 
which fills the intercellular spaces, constitute the enanet pulp. The 
mesodermal cells are aggregated to form a moundlike structure, the 
dental papillae, which lies immediately beneath the enamel organ and 
which pushes the inner cnamel cells upward so that they come to lic 
within the outer enamel cells. 

With the continued development of the enamel organ, the outer 
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Via, 120, Splitting of the dental edge, (DL) Dental huntoa, expanding at tty lower 
edge to fom the enamel organ. (GE) Labio dental faiew, (LL) Labial lamina (O28) 
Oval epithelium, (CQ Condensation of We mesadenm about the forming enimel orgie 
the Inst indigition of the dental papilla, (1) ‘The tongue, Photomiaogiaph 


cnamel cells become thin ancl Mattened, ‘The immer enamel cells assume 
atall, columnar form to become the ameloblasts by which the substance 
of the enamel is deposited, Between the stelle reticulum and the 
inner enamel cells, several layers of flattened squamous cells appear, 
This layer of cells is called the stratum intermediion and is esssential 
lor the formation of the cnamel. [tis not present in the root region, 
Mesodermal cells from the dental papilla extend around the enamel 
organ and fdrm the dental capsule, Immediately adjacent to the amelo- 
blasts, the cells of the papilla become elongated, cylindrical odonto- 
blasts which are active in the formation of the dentine, A narrow space 
between the ameloblasts and odontoblasis is filled with a light homo- 
gencous substance to which has been applied the term, men dbrana 
performata, However, this is not a distince membrane, but the first 
layer of predentine, or the organic base which becomes the dentine 
proper by the addition of successive layers and by calcilication, During 
the entire period in which dentine is being lormed, a similar layer is 
to be observed between the odontoblasts and the calcified dentine. It 
is necessary that dentine is first formed before enamel can be laid down, 
The enamel first appears asa densely calcified tissue on the external 
surface of the dentine with the tall, columnar, weloblasis resting on 
its outer surface. During the growth of the tooth, the dentine extends 
little below the enamel over the sides of the dental papilla, A layer 

{ cnamel matrix lies between the calcified portion of the enamel and 
1¢ ameloblasts, As the newer layers of pre-euamel are deposited, the 
(der layers become true enamel by the deposit of calcium salts, Deli- 
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cate, protoplasmic processes, the enamel processes of Tomes, extend 
from the ameloblasts into the substance of the pre-enamel. I is believed 
that in some way, these processes influence its calcification. 

By the time the formation al the enamel and dentine has progressed 
to the cementoename! junction, the enamel pulp has become so greatly 
reduced that the inner and outer enamel cells below the cemento- 
enamel lic close together and are fused to form the cervical loop. This 
cervical loop continues to grow downward over the sides of the dental 
papilla in the future root region, Thus a two-layered epithelial struc- 
ture is lormed between the dental papilla and the connective tissue of 
the dental capsule (sheath of Hertwig), This structive provides a form 
within which the root of the tooth is developed. The mesodermal tissue 
of the dental papilla is gradually translormed into the embryonal con- 
nective tissue of the dental pulp, 

The enamel is laid down as bundles of rodlike, prismatic structures; 
cach enamel cell being engaged in depositing the substance of the rod 
which is formed immediately beneath it, The rods begin at the dento- 
enamel junction and as the growth of the enamel continues, the surface 
area of the crown increases rapidly. Groups of parallel rods are ce- 
mented together into bundles, but the bundles themselves do not 
always lie parallel, instead they cross one another at different angles. 





Tia. 121, Section through the mandible of an early pig embiyo just postertor to the sym- 
physis of the jaw. (Mc) Meckel’s curtilage, (Ko) Enamel organ, (Dp) Dental papitla, (Db) 
Mates of developing bone fonming the mandible. ail) Dental huning. (Lg) Labial groove. 
(ep) Epithelium of the buccal cavity. 
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This iriegular arrangement oeccuts in the region of the crown. Tn the 
arca of the cusps where the enamel is thickest, this arrangenient is 
even more regular and the bundles of rods dvist about oue another 
forming what is known as gnarled enamel. Towad the neck, where 
the enamel is considerably thinnes, the rods ae parallel to one another 
lrom the junction to the surface. Such areas ae known as sraight 
enamel, 

The enamel reds are held together by a substance which is consid. 
erably sotter than the enamel itsell and which is called the enamel 
cement, When viewed microscopically, the rods are seen lo be crossed 
by transverse markings which ae due to the deposit of the substance 
of the enamel in successive layers, 

Shortly after the tooth geum (enamel organ and dental papilla) is 
lully developed, a second Jamina is lormed by epithelial cells which 
grow out in the lingual direction liom the lamina of the deciduous 
teeth, ‘Chis is the lamina of the permanent teeth. Buds which are 
formed on the border of this lamina develop into enamel organs, the 
process following the same course as in the development of the decidu- 
ous teeth. 

‘The capsule of the tooth is connected with the surtace of the gum 
(gingival surface) by a cord of dense fibrous tissue. This cord acts as 
a guide lor the tooth when it erupts, A similar connection exists bes 
tween (he capsule of the permanent tooth and that of the deciduous 
tooth, The bony structure of the jaw develops about the gernis of both 
the permanent and deciduous teeth but does not penetrate these fibrous 
cords, hus, while a narrow open space remains between the tooth 
and the surface of the gum indicating the path for eruption, never 
theless, erosion of some of the intervening bone ocems as a result of 
pressure caused by the growing tooth, As the deciduous tooth rises 
above the gum, the gern of the permanent tooth comes to lie more 
nearly beneath it. 

The cementum does not appear until after the crown has emerged 
through the surface of the gum and a considerable development al 
the dentine of the root has been accomplished, The connective tissue 
of the dental capsule lies between the bony wall of the alveolus and 
Ilertwig's sheath, within which the roat of the tooth is lormed, The 
sheath is a two-layered structtive consisting of an extension, by growth, 
of the inner and outer enamel cells, ‘The inner cnamel cells of the 
sheath lose their power to form enamel. “Che odontoblasts adjacent to 
this layer, however, continue to deposit the dentine which lays the 
foundation of the root, The sheath of Hlertwig breaks up into frag. 
ments, most of which are resorbed although some of the epithelial cells 
ol the sheath may remain in the peridental membrane and form 
epithelial islands known as “epithelial rests,” 
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Fis, 122, (7 0p) Louth germ showing the cnamel oigan and the lamina of the permanent 
loath, (Cg) Cingulum, (DL) Dental lamina (Dp) Dental pulp. (EP) knamet pulp, 
(IRC) Inner enamel cells. (LP) Lamina of peumanent tooth, (MP) Membrana pie 
formative, (OF) Oval epithelium, (OFC) Outer enamel cells. Photomicrograph, 

, Hea, 128, (Bottom) Developing enamel and dentine. (a) Ameloblasis. (b) Enamel. (¢) 
Denthie, (d) Odontoblasts. (¢) Dental pulp. (f) Mer twig's shenth, Photomictogiaph, 
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With the fragmentation of Hlerdvig's sheath, the connective tissue 
of the capsule (peridental membrane) is brought tito conte with the 
dentine of the root upon which its fibers form a compact layer, the 
pericemention, An organie cementing substance is deposited around 
these fibers by wanslormed fibroblasts, the cewentoblasts, The latter 
probably also ave important in the calcilication of the “cementoid" 
substance, As the cementum develops, same of the cementobhists be- 
come incorporated in ifs substance where they remain as the cemento. 
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Fie, 124, [he dorsum of the tongue, (Courtesy, Neal 
and Rand: “Compuative Anatomy. Phihdelphian, “lhe 
Blakiston Company.) 


cytes, As indicated above, the portion of the den capsule which 
remains between the root of the tooth and the wall of the alveolus, 
becomes the peridental membrane. 


The Toncur 
The tongue is a large, muscular organ which almost completely 
fills the oral cavity, Tus auachments are to Uae symphysis of the man- 
dible, the Hoor of the oral cavity, and to the hyoid bone, ft presents 
two main divisions, a body and a base or root. The body lies in the 
oral cavity and anteriorly it ends in a more or less free portion, the ip. 
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The tip is bound to the floor of the oral cavity by a thin band of con- 
nective tissue, the frenulun. The upper surface or dorsin is rough- 
ened by the presence of numerous elevations of its epithelium, the 
lingual papillae. The base is more or less vertical in position and forms 
the anterior wall of the oropharynx, The division between the dorsum 
and the base is indicated by a faintly marked V-shaped ftrrow, the 
sulcus terminalis. The dorsum is divided into lateral halves by a longi- 
tudinal furrow, the Wngual sulcus, which extends from the tip va the 
base. 

When viewed in seclion, the body of the tongue is seen to consist 
principally of bundles of striated muscle fibers which are disposed in 
three planes: vertical, horizontal and longitudinal. These fibers rep- 
resent (wo distinct groups of muscles: those which have their origins 
external lo, and their insertions within, the body of the tongue (exérin- 
sie muscles); and those which have both their origins and insertions 
within the Longue (inirinsic muscles), 


‘The extrinsic muscles are as follows: the genioglossus, which arises from the 
genial tubercles on the posterior smface of the mandible, its fibers spreading out 
fanwise to end in the connective tissue of the dorsum; the hyoglossts, which arises 
from the hyoid bone and enters the body of the tongue lateral to the genioglossus; 
the stylaglossus, which takes its origin fom the tip of the styloid process and enters 
the body of the tongue mi ovo bundles, one above the other, on its Interal aspect: 
the palatogtossus, which originates ir the anteior portion of the soft palate and 
enters the Longue between the upper and lower bundles of the styloglossus. 

‘he intrinsic nuiscles ae: the (ransversts, the fibers of which extend from. the 
Hingual septum to the sides of the tongues the longitudinatis, its fibers extending 
in a supeuor and an falerior bundle front the tip to the base af the Longre; and a 
verticalis, the fibers of which pass upward, crossing those of the wansverse muscle 
al right angles, 


The surlace of (he tongue is covered by a mucous membrane which 
consists of an epithelial layer and a (unica propria, The epithelium is 
a thick layer ol stratified squamous epithelium which is continuous 
with the epithelial lining of the mouth, [t rests on a narrow tunica 
propria in which may be scen small aggregations of lymphocytes, The 
connective tissue lascia which surrouncs the muscles and gives support 
to the organ is continuous with the deep layer of the submucosa where 
it is present, Vhe submucosa contains a variable amount of fat and 
supports glands, It consists ol closely interwoven connective tissue 
bundles which form a dense investment of the muscular portion of 
the tongue, the lingual fascia, lo which the muscle fibers are attached, 
The Lingual sepia is an extension of the lingual fascia and extends 
from the tip of the tongue lo the hyoid bone, This septum divides the 
tongue into identical lateral halves, 

The submucosa appears on the lateral sides and the uncer surface 
of the tongue (on ils upper surface Lhe mucosa is in direct relation to 
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the connective tissue lascia) where it Hes immediately beneath the 
mucosa, [t consists of a reluively hich layer ol loosely ananped cal. 
lagenous and clastic tibers. 

The mucosal surface on the dorsum and upper pit ol the lateral 
surfaces of the tongue are ditised inte a ndmber of moundlike eleva. 
tions known as Lingual papillag. These papillae are formed by projec: 
tions of the subepithelial connective tissue which cary with it the 
mucosal layer, These papillae, consisting af a connective tissue core 
and a mucosal covering, extend above the general level of the lingual 
surface, The connective Ussue which Jorms the care of the elevation 
is known as the primary papilla, Smaller elevations, arising hom the 
surface of the primary papilla and penetrating the deep surlace ol 
the epithelium, ave known as secondary papillac. 

These Jaige “taste” papillae, which are elevations of both the tunica 
ptopria and the epithelium, should uot be contused with the papilla. 
tions found in relation ta stradilied squianous cpithelium which ae 
connective tissue papillations which project into the deep sutlace of 
the epithelial layer. 

There are three types of lingual papillae: the fdliform, the finigi- 
form, and the circumvallate. A lowUh type cousisting ol a series of 
leallike tolds, occurs on the sides of the tongue in inlants (foliate 
papillae), but ave indicated only by faint lines in the adult 

FILTFORM PAPTLLAK. These are the most miumetous of the 
lingual papillag and are aranged in parallel rows, extending Lrom the 
lingual stuleus to the sides of the dorsum of the tongue. They consist 
of an epithelium which resis on an elevation of the subepithelial tissue, 
Two or three secondary papillae arise from: the sta hace of the primary 
papilla, The cells ol the epithelitim above the secondary papillae 
become clongated and cornified. louming slender chreadlike processes, 

FUNGIFORM PAPILLAE, Fungiloum papillae appear singly or in 
groups of two or three between the rows of [ilo papillae, and are 
especially abundant on the ip and over the sides al the dorsum of the 
tongue, They are broad and rounded at the top and constricted at the 
base, which gives them the mushroomlike appearance from which their 
name is derived, They are richly supplied with blood vessels and not 
so completely keratinized, which causes them to appear as bright red 
dots scattered over the surface o} the Longue, "Taste buds are frequenuy 
present on the sides of the {ungilorm papillae, 

CIRCUMVALLATE PAPILLAE. Gicumyallate papillae resemble 
the fungiform papillae in form, but are considerably larger anel are set 
in deep depressions, or pits, in the epithelium, When viewed from the 
surface, this gives them the appearance of being surrounded by a fur- 
row or vallum. The stratified epithelium is quite thick over the surface 
of the papilla, but becomes much thinner on its sides. The circum 
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vallate papillae vary in number from 8 to 12, and are arranged ina 
single, V-shaped row in Sront of the sulcus terminalis, A number of 
secondary papillac avise from the primary papilla and penetiate the 
deep surface of the epithelium without, however, producing any cor- 
responding clevations of its surface, 

Taste buds are present in the epithelium on the sides of the cireum- 
vallate papillac and also in the epithelium on the adjacent wall of the 
furrow. They are nenroepithelial structures consisting of epithelial 
cells which have been modified for the reception of gustatory sensation, 
The buds consist of uvo kinds of cells, the outer or sustentacular cells, 
which enclose and support the inner or gustatory cells. The gustatory 
cells are rodlike stinctures, their protoplasm forming a bulge in the 
middle of the cell for the accommodation of the nucleus, A slender, 
hairlike process extends {rom the summit of each rod through a small 
opening in the epithelium above the bud, the gustatory pore. The 
taste buds are considerably lighter in color than the surrounding 
epithelium and in appearance have been likened to a Chinese lantern. 
They are found not onty in the tongue, but also in the epithelium 
covering the soft palate and on the surface of the epiglottis. 

Papitlac are not present on the epithelium over the hase of the 
tongue, which is smooth and glistening, Its surface is raised into a 
number of rounded elevations by masses of lymphoid tissue which are 
present in the subepithelial Cissue and form the lingual tonsil, A nom: 
ber of small, pidike openings may be seen on the surface of the epi- 
thelium which lead into the tonsillar crypts. A large pitlike opening, 
the foramen caecum, is located directly behind the apex of the row 
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Fic. 195, ‘Caste buds in verticnd section. (Left) From a vallate pnpitin. 475 X. (ight) 
Dingiam of the stuuchne of a taste bud. 475 X. (Courtesy, J. Parsons Schaeffer, Ed. 
“Movie! (imen Anittomy,” Philadelphia, The Blukiston Company.) 
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of circumyallate papillae. “This vepresents Uie pharyngeal apening of 
the obliterated thyroglossal duct. 

Both mucous and serous glands ave preset in the connective tissue 
investment of the tongue and may be presen in the septa berween 
the muscle bundles. The ghinds are of the tubuloac inar type and are 
arianged in proups, One group ol mics seareting glands is located 
beneath the tip of the tongue (olten relented to as the glands of 
Blandin). Groups of serous glands occur in the region of (he circum: 
vallate papillae (glands of von bbner), The ducts al these glands open 
into the floor of the fumow about each papilla, Other glands, located 
in the body of the tongue, are connected by their ducts with the 
tonsillar crypts. 

The blood supply of the tongue is drrough the lingual: artery, 
whose branches pass in the connective tissue sepia, to be distributed 
to the muscles and glands. ‘The branches which are located in the sub- 
mucosa form a plexus of small vessely from which capillary loops 

xtend into the primary and secondary papillae, The veins by which 
e blood is veturned from the tongue follow, in general, the course 
the arteries, 

The tongue has a rich supply ol lymphatics, which oviginate in the 

ssue spaces of the submucosa and about the muscle Gbers and glands. 
. fine network of lymph capillaries also survounds the nodules in the 
ingual tonsil, The structure of the lingual tonsil has been cliscussed 
mp. 205, 

The tongue is supplied by both sensory and motor nerve fibers. 
The sensory nerves ave those which convey impulses of common. sen 
sation such as touch and temperature, and these which convey the 
special sensation of liste. The fibers of conmion sensation to the ans 
terior uvo-thirds of the tongue are from the drigeninal nerve; those 
to the posterior third ave Srom the glosvopharyngeal nerve, Fibers from 
the chorda tympani supply the taste buds on the anterior portion of 
the tongue, while those in the circumyallate papillae are supplied by 
branches from the glossopharyngeal nerve. The motor supply of the 
muscles is (Hhrough branches from the hypoglossal nerve. The walls ol 
the blood vessels and glands are supplied by unmyelinated libers from 
the autonomic system, 

THE PHARYNX 

The pharynx isa membranous tubelike structure which Hes behind 
and below the nasal and oral cavities. Js upper part is membranous 
and is closely applied to the hase of the skull, while its lower part is 
more or less tubular, with a greally thickened wall in which the striated 
fibers ol the pharyngeal constrictor muscles are present. 

Tt consists of three successive segments; the nasopharynx, the ore 
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pharynx, and the laryngophaynx. ‘The nasophinyny lies behind the 
nasal cavities and above the solt palate, The segment between the soft 
palate and the hyoid bone is the oropharynx. Tt communicates anteri- 
orly with the oral cavity, ‘The laryngopharynx extends (ram the hyoud 
bone to the lower border of the cricoid cartilage where it continues as 
the esophagus, 

The epithelium which lines the nasopharynx is predominately 
pseudostratified columnar but contains some areas of stratified squa- 
mous. It is a continuation of the respiratory epithelium of the nasal 
passages, Below the level of the posterior border of the hard palate it 
meiges with che stratified squamous epithelium with which the remain- 
der of the pharynx is lined. As age advances, the pseudostratified 
columnar epithelium of the nasopharynx may be replaced by the 
stratified squamous Lype. 

The epithelium rests on a comparatively thick layer of delicate 
connective tissue fibers in which numerous lymphocytes are present, 
Here and there the lymphocytes form difluse aggregations and occa- 
sionally appear as sinall nodules. In the region between the posterior 
nares and the openings of the Eustachian tubes, the nodules are agere- 
gated to form the pharyngeal tonsils, Because of the delicate character 
of its fihers and the presence of lymphocytes, the subepithelial tissite 
is regarded as a Innica propria, 

A well-develaped layer of elastic fibers, mostly longitudinal in 
direction, is interposed between the unica propria and the adjacent 
tissue. ‘Phe elastic fibers extend downward in the pharynx to its june- 
tion with the esophagus where they disappear Striated ltbers of the 
pharyngeal constrictor muscles are present in the posterior and Jateral 
walls, No definite direction can be ascribed to these fibers as they appear 
in sections, although the inner layer tends to be longitudinal, while 
the fibers of the outer layer are obliquely directed, Oblique fibers may 
he found intermingling with the longitudinal fibers of the inner layer, 

There is na well-defined submucous layer between the tunica 
propria and the muscular layers, which are separated by the layer ol 
clastic fibers. Some of the elastic fibers extend outward between the 
muscle bundles, 

The anterior wall of the pharynx is practically devoid of muscular 
fibers. A distinct submucosa lies external to the tunica propria, from 
which it is separated by the clastic layer, Mucus-secieting glands are 
present in the submucosa. 

On the posterior wall, external to the muscular layer, is a layer ol 
loose areolar tissue which serves Lo alach the pharynx to the adjacent 
stvuctures, Anteriorly, the submucosa merges with the connective tissue 
of the wall of the larynx. 

Mixed mucous and scrous glands are present in the region of the 
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nasopharynx. The glands in the submucosa of the latyngopharyns are 
of the pure muctssecreting type, 


THE FSOPLAGUS 


"The esophagus extends fiom the lower end of the pharynx to its 
junction with the stomach, which tikes plaice a short distance below 
the diaphragm. It is about ten inches ia length, fn the upper part of us 
course it lies bebind and a litle to the left of the Gachea, to which itis 
bound by connective ussic. For the remamder of its couse it Hes 
approximately in the muddling of the body, The wall of che esophagus 
consists ol five Layers: a netcosa, miuseilaris mucosae, submucosa, 
muscularis externa, and adventitia ov librous layer, 

The mucosa consists of an epithelium which rests on a tunica 
propria. The epithelium lining the entire leugth of the esophagus is 
a thick layer of suatified squamous epithelinm, Phe superhicial cells 
contain hevadin ing the tonm ol small granules, but ae nat cornified 
like the superficial cells of the epidermis. [ly deep sin tace is penettated 
by tall, nartow papillae fom the underlying connective tise. This 
epitheliim rests on a dayer of delicate, loosely interwoven fibers of 
comective tissue, the Gimica propria, Lymphocytes are scattered Ireely 
throughout the tunica propria and here and there four small, difluse 
aggregations which may take the lou ol nodules, 

Separating the Cunica propria trom the submucose is a well-defined 
layer of longitudinally directed smooth muscle bundles, the ascrdar is 
mucosde. Lt takes the place of the elastic tisste Jayer which oceans in 
the pharynx, In ils upper part, where somte ol the clastic layer extends 
font the pharynx into the csophagtis, the muscularis miucosae Consists 
of small, scattered bundles of smooth muscle. ta che middle third of 
the esophagus these bundles are united to form a thin, but continuous 
layer, In the lower third this layer increases in thickness and an inner 
layer of circular {thers may be added. 

The submucosa lies external to the muscularis mucasae. It consists 
ol coaise collagenous and elastic thers which give support to blood 
vessels, lymphatics, and small bundles of nerve fibers, Che thee layers, 
the mucosa, muscularis mucosae and submueosa wre raised into a series 
of longitudinal folds when the walls of the esophagus are not distended, 
which give to the lamen of the tube an irregular cutline, 

The muscularis externa, or muscular coat, lies external to the sub- 
mucosa, The muscular fibers are aranged in the form of an inner 
ciicular layer and an outer longitudinal layer, The fibers of the two 
layers are gathered into incomplete bundles, between which are win 
septa ol connective tissue providing a paunway lor Ure passage of blood 
vessels and nerves. A strongly developed connective tissue septum sep 
mates the cieular from the longitudinal fibers. In the upper part of 
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Fie 126, (Top) Transverse section of the upper thhd of the human esophagus, (Com. 
tesy, Bremer-Weatherford: “textbook of Tiistolog}.” Philadelphia, The Binkiston Com: 
ptuy,) 

Fla. 187, (Bottom) Stuatifiedt squamous epithelium fom the 


esophagus (human), Hema. 
(oxslin and eosin stain, Photomictogiaph, 
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the esophagus, the muscular coat is composed of sh iated Albers. ‘Their 
arrangement as an inner circular and an outer longitudinal layer indi. 
cates that they belong to the esophagus and are not a continuation of 
the pharyngeal muscles. In the middle third of the esophagus, bundles 
of smooth muscle fibers incermingle with and, to a considerable extent, 
displace the striated fibers. In the lower third, both the inner and outer 
layers of the muscular coat consist of smooth muscle fibers. Occasion 
ally, however, a lew striated fibers may be present in this region. 

The outer coat of the esophagus is an adventitia, consisting of loose 
fibroclastic tissue which contains the blood vessels and nerves passing 
to the esophageal wall. Small masses of fat celly are Irequently present, 
The adventitia blends with the connective tissue whieh binds the 
esophagus to (he adjacent structures, Below the diaphiragni, tie adven- 
litia is replaced by a scious coat which consists of mesothelium sup. 
ported by a substratum of connective Ussue, 

"Che glands in the wall of the csophagus are of two Kinds: the deep 
ar true esophageal glands, and the superficial or cardiac glands. The 
deep glands ave mucussecreting siuctives located in the submucosa, 
Their ducts form ampulla-tike enlargements below the muscularis 
mucoste, hom which they continue through the tunica propria to 
open on the surface of the epithelium, They are present throughout 
the length of the esophagus but are most abundant in its upper and 
middle thirds, The cardiac glands are so-called because of their simi- 
larity to the glands in the cardiac portion of the stomach, ‘They occur 
in Wo groups: the upper or superior group is located above the level 
of the filth wacheal rings the lower or interior group is found just 
above the junction of the esophagus with the stomach, Because ol their 





Fie, 128. A section of & deep gland from the esophagus of a niue year old child. Zenker 
Graton; hematosyliu and casing (Courtesy, Biemei-Weatherlotd: “Lexthbook of 1s: 
tology,” Philadelphia, The Blaklston Company.) 
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location, cafiffac glands are not present in every section of the esoph- 
agus, The epithelium becomes considerably thinner above these glands 
and in some cases is said to assume a stratified columnar lorm. ‘Their 
ducts divide into several clongated branches, the coiled ends of which 
tie within, but never pass through, the muscularis mucosac, 

Blood is brought to the esophagus by arteries which lie, at first, in 
the adventitia. The branches of these vessels follow the septa between 
the muscle bundles, their subdivisions entering the bundles where 
they break up into capillaries which ave distributed among (he muscle 
fibers, Other branches continue into the submucosa where they unite 
to form a network of larger vessels, from which branches pass through 
the muscularis mucosae and form a plexus of small vessels whose 
branches extend into the papillae in the form of capillary loops. The 
veins arise from the capillaries, the smaller branches uniting to form 
the larger vessels, which in the main follow the course of the arteries, 

Lymphatics occur in che subimucosa and in the region of the muscle 
fibers, The larger lymph vessels, which ave formed by the union of the 
capillaries, join the lymph nodes in the connective tissue about the 
esophagus, 

The striated fibers in the upper part of the csophagus are supplied 
by myelinated fibers from the vagus neive. The greater part of the 
nerve supply, however, is lrom the autonomic system, The vagal para- 
sympathetic fibers end in relation (a groups of ganglion cells located 
in the septum between the circular and longitudinal layers of the mus- 
cular coat, and in the submucosa. Those in the muscular septum belong 
to the myenteric (Auerbach’s) plexus from which fibers pass to the 
muscular layers, ‘Those located in the submucosa belong to the sub- 
mucous (Meissner’s) plexus which sends fibers into the muscularis 
mucosae, Delicate fibers also end between the cells of the epithelium. 


TUE STOMACH ‘ 


The stomach is an expanded portion of the alimentary tract and is 
located between the lower end of the esophagus and the beginning 
of the small intestine, It lies in the upper part of the abdominal cavity, 

. just below the diaphragm, ‘The shape of the stomach varics consider- 
ably, depending on a number of factors, chief among which is the 
quantity of stomach contents, For a more detailed discussion of the 
shape, the reader should consult a standard text of anatomy, The stom- 
ach is divided into several component parts: (1) The cardia, an arca 
about an inch in width, is adjacent to the junction with the esophagus, 
(2) The body, the upper more expanded portion which, in ils most 
cephalad expansion to the left of the cardia, contains the blind sae 
like expansion called the fundus, (8) ‘The pyloric portion, the lower 
region of the stomach which communicates with the small intestine, 
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The point at which the esophagus enters Che stomach shows a 
marked change i in the mucosa both grossly and michoscapically, Micro. 
scopically it is seen that the suatificd squamous epiticlium Huing the 
esophagus changes abruptly to the simple columnar epithelium ol 
the stomach. Jn a fresh specimen this line of Gimsition is readily 
located by the difference in color between esophageal mucosa which 
appears whitish, and the mucosal surlace of the stomach which is defi. 
nitely pink due to the thinness of the epithelium and the vascularity of 
the subepithelial layer, There is little, il any, dillerence in the deeper 
layers of the two seginents. 

The mucosa consists of a simple columnar epithelium beneath 
which is a relatively thick layer of reticular tissue which forms the 
tunica propria (lamina propria), Extending into the upper part of the 
mucosa are the gastric pits, Che pits are wide and shallow in the Cundic 
portion of the stomach, while in the pyloric region they are long and 
hanow, Opening into the bottom of the gastric pits are the gastric 
glands which occupy the deeper portion of the mucosa, The reticalum 
af the tunica propria contains numerous lymphocytes which, here and 
there, form diffuse aggregations, In the pyloric end of the stomach 
these aggregations frequently occur fo che forme of small vodutes, 

The epithelium of the mucosal surlace is made up of a single layer 
of columnar cells, Tt extends into the pits and is continnious with the 
epithelium Hning the glands, These cohumnar cells are tall and the 
axial portion (toward the lumen) contains mucus. In stained sections 
it usually shows as a clear, more or less homogeneous area, Che cyto. 
plasm of the hasal part of the cell is granular and therefore stains more 
deeply. The appearance of these cells depends to some extent on their 
secrelory activity. The nucleus is round or aval and basally located, 
There is no definite cuticular border. ‘These cells rest on a distinct 
basement membrane, 

As the cells of the surface epithelium ‘extend into the gastric pits 
they decrease in height. Many of these cells contain mitotic figures and 
it has been suggested that new cells are formed in this region which 
push upward to replace the cells ou the surface that are injured or die. 

The tunica propria, into which the pits and glands extend, consists 
of a reticular connective tissue infiltrated with lymphocytes, There is 
a relatively smal] amount of tunica propria in the fundic region, Tere 
the glands are simple tubular structures which are arranged so closely 
that only small amounts of tunica propria extend between them, There 
is relatively more, however, in the pyloric portion, sine in this region 
the glands are branched and are not so compactly arranged. 

The miuscularis mucosae is interposed betwen the tunica propria 
and the subinucosa, It is usually longitudinally arranged bundles of 
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smooth musdle fibers, but in some instances three poorly defined layers 
of fthérs can, be observed: an inner circular, a middle longitudinal, 
and an outer circular layer. 

The submucosa consists ol loosely interwoven collagenous and 
clastic fibers in which blood vessels, lymphatics, small bundles ol neve 
fibers, and Meissner’s plexus are present. 

The muscular coal (muscularis externa) consists of smooth muscle 
fibers arranged in an inner oblique, a middle circular, and an outer 
longitudinal layer. The circular layer is the most strongly developed 
and in the region of the pylorus shows,a marked increase in thickness 
to form the pyloric sphincter. The longitudinal layer is best developed 
along the lesser Curvature and becomes thinner as it spreads out over 
the expanded wall of the stom: ch, The longitudinal fibers form a more 
definite layer in the region of the pylorus, The inner oblique fibers do 
not form a continuous layer, but appear as scattered bundles, which 
are best developed in the fundus, The bundles become smaller and less 
nunicrous toward the pyloric antrum and finally disappear, 

The serosa is a continuation of the peritoncal lining of the abdom- 
inal cavity, Lt extends over the gastric wall as a layer of thin mesothelial 
cells supported by a substratum of connective tissue. It contains the 
blood vessels, nerves, and lymphatics which supply the wall of the 
stomach, 

Three kinds of glands are included in the gastric mucosa: the 
cardiae glands, the gastric glands, and the pyloric glands, There are 
no sharply defined boundaries to the areas which these glands may 
occupy, Where (wo such areas meet, the glands intermingle with pos- 
sible (ransition forms occurring among them, 

CARDIAG GLANDS, The cardiac glands are found in the cardiac 
portion of the stomach, They are branched tubular glands, which 
closely resemble the cardiac glands described for the esophagus. They 
are located in ube tunica propria and their iibular branches, secreting 
portions of the glands, are located just internal to the muscularis 
nincosae. The epithelium lining the tubules is continuons with the 
epithelial lining of the stomach, The secreting cells are clear, with 
basally located nuclei, and produge a modified mucoid material, 

GASTRIC GLANDS. The gastric glands are located in the fundus 
and in the greater part of the body of the stomach, They are simple 
tubular structures which extend the entire depth of the mucous mem- 
brane to the muscularis mucosac., They are closely crowded together, 
the reticular tissue of the tunica propria being reduced to a thin layer 
between the glands, Scattered fibers of smooth muscle from the muscu- 
laris mucosae may extend into the tunica propria, Three or more of 
these glands may open into a single gastric pil, Each gland consists of a 
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short, narrow neck, which is followed by a longer aud mere expanded 
portion, the body, and a terminal blind end, known as the frrddus, 
Occasionally the glands may divide into two or three branches, each of 
which ends in a slightly expanded fundus, 

The gastric pits of the fundus and body ol the stomach are wide 
and shallow, hey are lined by a continuation of the epithelium which 
covers the gastric surlace, An abrupt change in the epithelium occurs 
where it passes from the pits into the necks of the gland, Che neck 
cells are low columnar with a clear cytoplasm and flattened, basally 
located nuclei. Like the cells of the cardiae glands, which they greatly 
resemble, they produce a modified mucoid secretion, 

Two types of cells ae present in the body of the glands the cde 
cells and the parietal cells. The chiet cells lorm the main cellular 
constituents of these glands, ‘Vhey border the lumen of the gland and 
in cross section are seen to be pyramidal in shape. ‘heir cytoplasin is 
filled with numerous fine granules (prozynogen granules) (rom which 
the secretion of the cells (pepsin) is formed when the prosymogen is 
acted on by hydrochloric acid. Both the cytoplasm and the granules 
respond to the basic stains and, therefore, appear blue iu sections, 
The spherical nucleus is located coward the basal portion ol the cell, 
Basal striations are also present. ‘Che parietal cells may be either 





Fic, 129, Vertical section through the mucous membrane of the fandus of the stomach 
showing the gastric pits aud simple wibular glands, Hematoxv iin and eosin alain. Photo. 
mlaogiaph, 
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Tra. 180, A ver tient sectlon through the mucosa of a human stomach showing gasuie pits 
and simple tubular gland. The parietal celly stain ved, the chief cells blue and che inucous 
netk cells and strfuce celly a faint pink, Methylene blue and eosin stnin, (Comtesy, 
Mreomer-Weatha fords “Tevthook of Histology,” Philadelphia, The Blakiion Gompiny.) 
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Hangin, ar tlimost spherical, in shape. Phey we hee in contact with 
the lumen, but lie between the chiel cell, heir peripheral posidon 
casing the basement membime to balge ounvard. “heh secretion 
reaches the lumen Chough intscelhudar cuts which pass beayeen 
the chief cells, Phe pariend cells are vealily iclentibed, iit strined prep. 
arations, by thei alhnity lov the acid stains, heh red color conttasting 
sharply with the blue of the chicl cells. Vhe parietal cells are most 
humerous in the neck of the gland. They decrease fn naber tow,tre 
the fundus, in whieh only a lew of these cells may be found. ‘Their 
function is believed to be the production of the aubstances from which 
the [ree hydrochloric acid of the gastric secretions is lormed, 

A lew small cells occur among the chief cells which show in affinity 
lov the silver stains, the argentaffine cells. These cells cannot he identi- 
fied in ordinary preparations. Thet funcclan is unknown, 

PYLORICG GLANDS. In the pylavus, the gastric pits aie narrower 
and deeper than those in the body and fundus. ‘Chey are lined by a 
continuation of the epithelium which covers the gastric mucosa. Phe 
glands, (wo or three ol which open into a single pit, consist of a neck, 
which divides into a number of long tubular branches. The branches 
are somewhat longer than the neck and form the secreting pertion ol 





Hie, M1. Vertient section though the mucour membrane of the stomach (pylons) 
showing the gusaic plis amd branched tubular glands. Tematosslin and eosin stains 
Photomiregiiph. 
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the gland, They do not pass into the submucosa, but theit terminal 
secreting poitions lic close to the muscularis mucosae where they are 
seen, in sections, to be cut wansversely and obliquely, The cells of the 
pyloric glands are similar to the neck cells ol the gastiic glands and, 
like them, produce a modified mucus secretion, As a rule parietal 
cells are not present, although occasionally (hey are (ound in Ute glands 
in the region of the pylorus, Smooth muscle (thers extend from the 
muscularis mucosae into the tunica propria and may be seen about 
the fundic and pyloric glands, By their contractions, these fibers aid the 
passage of the glandular secretions. 

BLOOD AND LYMPH SUPPLY OF THE STOMACH, Branches 
ol the gastric and epiploic arlertes pass over the walls of the stomach 
in the connective tissue of the serous membrane, Their subdivisions 
pass into the gastric wall and break up into capillaries which supply 
the tissues of the muscular coat, Some of these branches continue into 
the submucosa where they unite to form a network of lager vessels, 
Irom which branches extend through the muscularis mucosac into (he 
mucosa, These bianches form a network (plexus) from which capil- 
laries pass inward and sumound the ‘glands. The veins which aris¢ 
from these capillaries assume plexilorm arrangements both intemal 
to the muscularis mucosac and in the submucosa, The larger veins 
which arise from these networks pass out of the gastric wall, generally 
following the couse of the arteries. 

The lymphatics arise (rom fine capillary networks about the glands 
and muscle (thers, They unite o larm larger vessels, which pass lrom 
the wall of the stomach to cnipty into the lymph nodes in the adjacent 
counective tissue, ' 

NFRVE SUPPLY OF THE STOMACIT, Groups of ganglion cells 
forming the myenteric (Auerbach’s) plexus are located in the connec 
tive tissue septum between the circular and longitudinal layers of the 
muscular coat. Fibers from the ganglion cells are distributed ta the 
muscle Dundies of these layers, which they supply, Groups of similar 
cells, but much fewer in munber, also occur in the submucosa (sub- 
mucous plexus: Meissner’s plexus), their fibers supplying the tissue 
ol the muscularis mucosae and epithelium. Parasympaihetic fibers 
from the vagus nerves end in relation to the groups ol ganglion cells. 
Fibers from the sympathetic division ave also present, and end in the 
walls of the blood vessels, Myelinated fibers, probably sensory in lune- 
tion, break up into delicate fibrils which end between the cells of the 
gastric epithelium, Stimulation of the parasympathetic fibers cause 
the stomach musculature (except the sphincter muscle) to contract 
while the action of the sympathetic, when stimulated, is to inhibit 
contraction, 
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"THE SMALL IN TFS'TINIE : 

The small intestine begins at the pylorus of the stomach aud ends 
at the point where it joins the lage intestine in the lower part of the 
abdominal cavity on the right side, It varies in length from 18 to 2h 
leet. In order to accommodate this length to the space whieh it occu 
pies, the small intestine is arranged ina series ol coils in the abdominal 
cavity, Three divisions of the sinall intestine are recognized: the duo: 
denum, the jefanon, and the Mew. The duodenum is relatively short, 
heing not more than LO to 12 inches in lenguh, while the jejunum con. 
stitutes avo-lilths, and the ilewm three-fifths of the remainder of its 
Tength. 

The similarity of the general basic plan for the entire alimentary 
tract has already been mentioned, however, gach segment has certain 
acteristics which identily it and these will be discussed, 

‘Lwo structures are characteristic of the small intestines the plicae 
circulares (valuulae commiventes) and the villi, "The plicac cireulares 
are permanent, shelllike folds, which are arranged ina circular manner 
about the inner wall of che intestinal canal, their extent being fron 
one-half to two-thirds or more of its circumlerence, “These folds serve 
to inerease the absorption area and aid in churning the partially 
digested food, Obliquely directed folds, which extend Lront one trans 
verse fold to another, are also present, ‘Che plicae vary in height in the 
different segments of the small intestine. 

There are no plicae in the upper part of the duodenum, ‘They 
reach their greatest development in the middle portion of the jejunum 
and gradually decrease in height in the lower part of the ileum, The 
plicac are formed hy clevations of the submucosa which carry the 
muscularis mucosae and the mucosa with then. They should not be 
confused with the temporary, longitudinal folds whieh are present 
when the wall of the intestine is collapsed, but disappear when it is 
distended, 

The villi ave fingerlike projections of the usucous membrane, vary- 
ing in number, height and shape in the different parts of the small 
intestine. They are most nunierous and reach their greatest: develop: 
ment in the duodenum and jejunum. They decrease in number and 
become progressively lower trom the middle of the jejununi toward 
the end of the ileum, The villi in the duodenum are generally described 
as being leal-shaped, they are tall and conical or rounded in the 
jejunum, and club-shaped in the ileum, On gross inspection their 
presence gives a velvety appearance to the surface of the mucosa. 

The coats which make up the wall of the intestine are: wancosa, 
muscularis mucosaé, submucosa, muscularis externa and the serosa 

The niucosa consists of the epithelial layer which rests on a thin 
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basement membrane, the tunica propria with yariable numbers of 
lymphocytes, and glands. The small intestine can be identified by the 
presence of the villi, 

Kach villus consists of a core or supporting structure formed by the 
upward extension of tunica propria consisting of reticular connective 
ussue and lymphocytes, Besides the reticular cells and lymphocytes 
which are present in considerable numbers, plasma cells, mast cells 
and a few granulocytes are also present. These cells, especially the 
plasma and mast cells, ave believed to be active in wansferring the fat 
droplets from the epithelium to the lacteals. Resting upon this tissue 
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is a continuation of the epithelium whieh covers the surface of the 
intestinal mucosa. The center ol the villus contains ao thin-walled 
lymphatic vessel, the dacteal, which starts as a blind saclike capillary, 
The lacteals receive the digested and absorbed fats, which give their 
contained lymph a milky appearance (eleyle). When tvo or more 
lacteals are present in the villas, they are joined,to one another by 
delicate endothelial tubes or brauches. However, die lacteals are not 
seen in most histological specimens because they collapse on fixation, 
Smooth muscle fibers extendings into the tunica: propria bom the 
muscularis mucosag are located along the sides al che lacteals and by 
their contractions they aid the passage ol the chyle, The blood capil. 





i) 
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lavies, which are in the form of loops, lie close to the inner surface of 
(he epithelium, Both the plicac circularis aud the villi increase the 
surface area of the intestine which is used for absorption, 

Small, porclike openings are found in the epithelium between the 
bases of the villi, which lead into the simple tubular or didestinal 
glands known as the erypls of Lieberkihn, 

Lymphocytes are scattered throughout the mucosa of the intestine. 
They are also present in the lorm of diffuse aggregations and as 
nodules, The nodules may appear singly (solitary nodules), or in 
groups (aggregated follicles; agminated glands), when they are com- 
monly referred to as Peyer's patches, 

Tn all, the epithelium of the small intestine contains five different 
cell types, one of which is limited to the surface, one is found in both 
the surface epithelium and the epithelium lining the crypts, while the 
temaining three are found in the crypts, 
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The epithelium which forms the immediate lining of the small 
intestine is composed of simple coluninar cells, whose basal processes 
are interwoven with a thin Jayer of delicate Dbers from the underlying 
reticular tissue. These fibers are condensed to form the basement 
membrane on which the epithelium resis. Two types of cells con- 
(tribute to the formation of the surtace epithelial layer. Most numerous 
are the tall columnar cells, whose chief function is absorption, Inter. 
mingled with these cells are a considerable number of goblet cells, 
These cells are relatively few in the upper part of the small intestine, 
but are more numerous toward its lower end. 

The columnar absorbing cells have a finely gianular cytoplasm, 
The nuclei are oval and located toward the basal portion of the cell. 
Mitochondria and Golgi apparatus are both present and attempts have 
been made to associate the latter with the absorption of fats. These cells 
are provided with striated cuticular borders, 

A considerable number ol goblet cells appear as broadly oval, clear 
spaces in the epithelium, These cells, which secrete a mucoid substance, 
are most abundant in that portion of the epithelium which extends 
over the villi, Goblet cells are so-called because of their fancied resem- 
hlance to a drinking glass or goblet. They differ from the other cells 
of the epithelium, not only in their ability to produce a mucoid secre- 
tion, but also in the Loruy and staining quality of their nuclei, After 
the mucoid substance has been expelled, the cytoplasm increases in 
amount and fills the body of the cell which, at this stage, is not unlike 
the other cells of the epithelium, They can be identified, however, by 
the absence of the cuticular membrane and by a densely stained nucleus. 
Droplets of mucoid material form in the cytoplasm, These droplets 
coalesce into the homogencons, mucous substance which distends the 
cell and causes it to assume the gobletlike appearance. As the mucoid 
substance increases in the cell, the cytoplasm containing the nucleus 
is pressed into the narrow, stemlike base of the cell, During the early 
stages in its development, the mucoid substance has a strong affinity 
tor the basic stuin, In this stage, goblet cells have the appearance of 
dark oval boclies located among the cells of the epithelium, 

The crypts of Licberktthn are simple tubular glands which extend 
downward in the tunica propria as far as the muscularis mucosac. These 
glands are not set as closcly together as the gastric glands, for which 
reason a considerably greater amount of reticular tissue may be seen 
between them. The epithelium lining the crypts contains several types 
ol cells: undifferentialed columnar cells, goblet cells, Paneth cells and 
argentafine cells (chromaffin cells), The cells of the intestinal epi- 
theliuin undergo a transition as they pass into the upper part, or neck, 
af the crypts, where they become considerably lower. These cells have 
a less well-defined cuticular border than the surlace cells, Gells located 
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near the middle part of the gland show numerous mitotic figures, 
These cells give rise possibly to either the columnar absorbing cells 
or the goblet cell, The cells in the lower end or fimdus of the gland 
are pyramidal in oudine and ae somewhat larger and lower than the 
cells in the neck. They represent the undifferentiated columnar cell, 
They have no cuticular border, 

The cells of the intestinal epithelium undergo degencrative changes 
and are cast off. They are replaced by cells which are lormed in the 
neck region and sometimes in the fundi ol the crypt. ‘The cells of 
the epithelium are pushed upward as the new cells are formed beneath 
them, 

Goblet cells are found throughout the crypt, but are most numerous 
in the upper part. They are typically mucus-secreting cells and have 
been adequately described elsewhere. 

A number of large cells located in the fundi are to be distingnished 
by their large, oval nuclei and the coarse, highly refractive granules 
with which their cytoplism is filled. They are known as the cells of 
Paneth, These cells have been shown (to possess a definite secretory 
function, Since the granules disappear lrom the cell during digestion 
and are reformed during fasting, it is believed this secretion is con 
cerned with the digestive process, Tlowever, the nature of the secretion 
produced by the Paneth cells is unknown, 

Small cells which occur among the epithelial cells of the crypts and 
which may also be found among those over the villi are known as 
argentaffime cells because of their allinity for silver stains, These cells 
were formerly called chromaffin cells because ol their capacity for 
retaining (he brownish yellow color produced by the application of 
the salts of chromic acid, They are Urought (o have a secretory function, 
but litle is known concerning their function, 

The tunica propria lies beneath the epithelial layer and extends 
into the villi and between the glands, Ut rests on the muscularis mucosae 
and consists primarily ol reticular connective tissue and lymphocytes. 
Scattered collagenous and elastic fibers may be found. In the tunica 
propria of the intestinal wall the lymphocytes are abundant. Wherever 
considerable aggregations of lymphoid tissue are present in the wall 
of the intesting, lymphocytes may be seen pushing their way between 
the cells of the epithelium to reach its surface, The number of lympho- 
cyles may be so great in some areas, that the epithelium has the 
appearance of being obliterated, Besides the lymphocytes, plasma cells 
and mast cells may he present in considerable numbers in the reticular 
tissuc of the tunica propria, Granular leucocytes are also present, and 
of these, the eosinophils are the most numerous, The lymphocytes are 
generally scattered diffusely throughout the Jayer but, here and there, 
the lymphoid tissue is organized in the form of scattered nodules 
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known as solitary nodules, These nodules are oval in shape and are 
usually confined to the tunica propria, however, they may invade the 
muscularis mucosac and enter the submucosal area where they form 
large nodules, In the vegion of the ileum the lymphoid Cissue becomes 
very profuse and instead of single (solitary) nodules, there are a num- 
ber of these nodules joined together in an aggregate form, For this 
reason they are referred to as aggregated follicles and are known as 
Peyer's patches. Tf the ileum is split longitudinally and laid open, the 
areas occupied by Peyer’s patches may be recognized grossly as clon. 
gated, oval arcas extending lengthwise of the ileum on the wall opposite 
the attachment ol the mesentery. Microscopically, these areas are seen 
to consist of a variable number of nodules arranged side by side, No 
villi appear over the arca of a Peyer's patch, but the columnar cpi- 
thelium extends across the area and separates it from the lumen of the 
intestine. These patches are usually confined to the tunica propria, but 
may extend into the submucosa, The number of follicles making wp 
the Peyer's patches vary considerably, They may consist of as few as 
8-10 and they may have as many as 60-70 separate follicles. 

The muscularis mucosde consists of smooth muscle bundles 
arranged for the most part in an inner circular and an outer longi- 
tudinal layer, ‘ 

‘The submucosa in the small intestine, as elsewhere throughout the 
digestive tact, consists of looscly arranged collagenous and clastic 
fibers and contains blood and lymph vessels, nerves and the ganglion 
cells of Meissner's plexus, Glands ave found in this layer only in the 
upper part of the duodenum. They are the duodenal glands or more 
commonly called Brunner’s glands. These glands are branched tubular 
in type and their ducts either emply into the base of a crypt or they 
thay empty directly into the base of an intervillus space. Both the 
secreting end pieces and the ducts are lined by a simple columnar 
epithelium, The glands are occasionally absent. 

The muscularis externa consists ol a relatively wide area of smooth 
muscle bundles arranged in an inner circular and an outer longitudinal 
layer, The muscle is enclosed in a connéctive tissue layer which sends 
septa beaveen the muscle bundles and also lorms a well defined layer 
separating the circular and longitudinal layers, In this intermuscular 
layer lie the ganglion cells of Auerbach’s plexus, 

The serous coal is thin and consists of loosely arranged connective 
tissuc with an outer layer of mesothelial cells, 

The blood and nerve supply of the small intestine corresponds to 
that which has been described for the alimentary tract, 

The special characteristics of cach segment will now be disctissed 
briefly by way of summarizing the above material, ‘ 
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Tie 184, (Top) Vertical longitudinal section of the jefumum of an adult man, 16% 
“the plica chiculaiis on the tight supports two small solliay nodules which do not extend 
into the submucost, One of them exhibits a germimed centers. The eptihellam te 
slightly loosened from the connective tissue core of many of che villi go Unit at olen spice, 
Aw, evists between the wo. The isolated badtes lying nem the villl (moe numerous to 
the left of the plicae clictlaies) aie sections of vii that were bent so chat thelr ends 
were cul oll In secuoning. (Courtesy, Bremer-Weatherfout: “Testbaok of Histology,” 
Voiladelphin, The Blakiston Company.) 

Fu. 16 (Bottom) Groxs suction of a villus fom human jejunum, Photomlcogeaph. 
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Tin Duopenun 


The wall of the duodenum is somewhat thicker chan that of the 
othe: portions of the small intestine. [ts epithelium consists of tall, 
columnar cells, among which goblet cells are present, especially in that 
poition which is canicd over the villi, The plicae civculares ave low and 
btoad where they first appear near the middle portion of the duode- 
num, becoming taller and narrower toward ils lower end, The villi 
aie broad and leaflike. 

Two types of glands are present: the crypls of Lieberkiihn and the 
glands of Brunner, The crypts are simple tubular invaginations of the 
epithelium which extend only as lay as the muscularis mucosae, The 
crypts are present throughout the length of the duedent im. Brunner’s 
glands ae branched tubular structures located principally in the sub- 
mucosa, mm which the coiled tubules form considerable masses of 
glandular Ussue, These glands are most numerous between the pylorus 
and the ampulla of Vater, becoming less frequent until they disappear 
hom the wall of the duodentun belore its lower end is reached. Occa- 
sionally they may be absent, Their presence is diagnostic of duodenum, 
but a section may be seen in which no Brunner’s glands occur. 

Near its middle patt the wall ol the duadenum is penetrated by 
the combined hile and pancreatic ducts (or the ducts may enter sepa- 
rately), which communicate with its lumen thiough an opening at 
the summit of a moundlike clevation, the biliay caruncle or ampulla 
of Vater, 


Tre Juyunum 
The wall of the jejunum is somewhat thinner, and owing to a 
richer blood supply, is considerably daiker (in fresh tissue specimens) 
than that of the duodenum or the ileum, 
The plicae circulaies reach their greatest 
development in the jejunum where they 
are dall, thin structures with secondary and 
tertiary folds which, in sections, give them 
the appearance ol being branched. 
The mucosa is a relatively thin layer. 
Tt contains the crypts of Licberkuhn, which 
ac similar to those found in the duo- 
denum, with the exception that they are 
much shorter, their length being condi- 
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may also be found in the epithelium of the upper portions of the 
aypts, Lymphoid tissue ts present in the Gimica propria im the lorm 
ol numerous lymphocytes scattered thoughout tts reticulin. Tt also 
occurs in the fom of difluse aggregations and as soliuy nodules, 
which become very common in the middle part of the jejuntun, 
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The plicae cuculnes become lower and fess complicated in the 
ileum, They seldom show secondary or tertiary lolds Phe villi are 
smaller and fewer in number m the ileum as compared with the 
Jejunum, ‘hey are generally described as being clubshaped. Agerega- 
tions of lymph nodules, known as Peyer's patches (agnunated glands; 
aggregated follicles), are lound in the lower hall of the ileum, ‘hey 
occur in that por oa of the intesanal wall which is opposite the attach. 
ment of the mesentery, A Peyer's patch consists oF e number ol pear. 
shaped lymph nodules most af which show well-developed germinal 
centers, Their nattow portions ae located in tie canica propria, cheir 
enluged portions break through the musculatis mucosae and occupy 
a considerable part of the submucosa. The tissue between the nodules 
is occupied by a dufuse mass of lymphocytes, Both crypts of Lieberktha 


Inteatinal glanda 





Subinwcoea Muscularig eee Ciroutar Longtiudinal 
mucoane Lymph nodules Jayer layor 


af the musoularie 


Ti. 137. Ciansvense section of aggregate nodules of the sil dni sting of a au the 
casts of four nodules were not within the plane of the section, WO X (Gow tesy, Bremer: 
Weatherford: “Pextbook of Uistology,” Philadelphia, The tlakiston Company ) 
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Wo 148, (Top) Peyer's patch (hiaman). Photomiciagi aph. 
Tie 189 (Bottom) Portions of eum to show a Peyer's patch and solitary lymph 
nodules as Chey appenr on gross c\anvittion Enlarged, 
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and villi are absent [rom the region above a Peyer's patch, but broken 
portions of the muscularis mucosae may be seen between the nodules, 
In the lower end of the ileum, the lymphocytes are found in the form 
ol diffuse aggregations 0} solitary nodules. 


Tim Inro-conic (IL@0-cAgcAL) VALVE 


‘The walls ol both the small and large intestines join Lo lorm two 
lips, one above the other, bounding the slitlike apeiture through 
which the contents of the ileum pass into the large intestine (colon). 
These lips form a valvelike structure (tleo-colic valve), the closure of 
which prevents the intestinal residue, once it has been received by the 
colon, from passing back into the ileum, 

The mucosa on the sides of the lip of the valve which oppose each 
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Fi. 140. Heo-enecal valve and neighboring segments of Intestine viewed hom in font 
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other, belongs to the ileum and is characicristie of it, [t forms a rela- 
tively thick layer and contains crypts of Lieberktihn, low, conical villi, 
ageregations of lymph nodules and a muscularis mucosac. ‘The mucosa 
on the side of the valve lips toward a cacctum has no villi, but is sup 
plied with wide crypts of Lieberkithn (the structure is similar to that 
of the colon), the epithelium of which contains numerous goblet cells. 

The muscularis mucosae aud submucosa of the ileum pass over the 
border of the lip and become continuous with the same coats of the 
colon (caecum), By 

Tn the muscularis externa, the inner circular layer of smooth muscle 
fibers extends into the lips of the valve where it forms a small sphincter 
wuscle which aids in the closure of the valve. The outer longitudinal 
muscular layer also extends into the lips of the valve where it joins 
the corresponding layer Irom the colon. 

THE LARGE INTESTINE 

The large intestine, or colon, begins in the lower portion of the 
abdominal cavity on the right side, lis firs: division, the ascending 
colon, extends upward to a point below the liver where it turns to 
the left, passing in front of, and a little below, the stomach as the 
Hansverse colon, Tt makes another turn in the region of the spleen, 
and passes downward on the left side as the descending colon, At the 
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level of the pelvic brim it passes toward the median line of the body, 
forming an S-shaped curve lor which reason it is known as the sigmoid 
colon, The sigmoid colon ends in an expanded tube, the recom, The 
lower end. of the ascending colon forms a blind sac, which extends for 
an inch or more below the point where it is joined by the small 
intestine. This is known as the caecum, On the median side of the 
colon, near its junction with the ileum, a narrow tubelike structure 
of variable length, the appendix, is aached. 

The large intestine also has a wall consisting of several coats: 
mucosa, muscularis mucosde, submucosa, muscularis externa and 
serosa, similar to those throughout the other segments of the digestive 
tract. 

The mucous membrane of the colon differs from that of the small 
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intestine in the complete absence of villi and plicae, The surface of 
the mucosa is, therclore, relatively smooth. This smooth surface is 
interrupted by mwucious small openings which represent the open. 
ings of the simple tubular glands (crypts ol Lieberktihn) which are 
found in the mucosa, The epithelium of the mucosa consists of simple 
columnar cells. “These cells are tall and have a narrow striated cuticular 
border. The cells decrease in height as they enter the crypts, and in 
the fundus of the gland appear as undifferentiated cells as previously 
described. Numerous goblet cells are present in the epithelium in the 
crypts. The goblet cells are usually confined to the upper two-thirds 
of the crypts, although a lew may be founc anong the cells of the 
fundus. Asa rule they are not found among the cells of the epithelium, 
on the surface, Argentaffine cells, and eccasionally the cells of Paneth, 
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are found in the crypts. Solitary nodules occ ta the mucosa in which 
they lie close to the muscularis mucosae, and through which they 
frequently break to occupy a portion of the submucosa, The function 
of the epithelium of the large intestine is to absorb water, salts and 
glucose, thereby gradually reducing the intestinal contents to a semi- 
solid mass, the feces, and the production of large quantities of mucus 
for the purpose of Lubricating (he intestinal wall, as a means af aiding 
the downwaid passage of the fecal mass. 

The muscularis mucosae is identical to that in the small intestine. 
It is composed af two layers of smooth muscle, the inner layer of 
circula ly divected fibers and the outer layer ol longitudinally arranged 
bundles. 

The suduiucosa consists of interwoven bundles ol connective tissue 
in which there may be lat cells. 

The muscularis externa consists of uvo layers ol smooth muscle 
fibers. The circular layer is strongly developed and forms a continuous 
layer, The fibers of the outer longitudinal layer are gathered into thee 
thick bands, the faeniae coli, The longitudinal fibers betuveen the 
taeniae are reduced to a thin layer or in rare instances they may be 
absent altogether, 

The taeniae are shorter than the remainder of the wall of the 
colon which is attached (o these bands by being gathered into a umber 
ol saclike folds, the hausira, This folding of the wall results in the 
formation of transverse ridges on the inner sutlace where the haustra 
ate allached to the tacniac, These ridges, which extend into the lumen 
of the colon, include not only the mucosa and submucosa, but a part 
of the muscular coats as well. They are known as plicae semilunares. 

The serous coat, where it is attached to the wall of the colon, is 
extended in the form of a series ol pouchlike structures, the appendices 
epiploicae, They occur in considerable numbers on the wall of the 
transverse colon, They are not as numerous on the ascending and 
descending divisions, and appear only occasionally on the sigmoid 
colon, The epiploic appendices contain a large amount of adipose 
tissue, blood vessels and frequently, a large lymph node. 


Time Veratirorm ArrENDIx ‘ 


The vermiform appendix is a tubular outgrowth from the caecum. 
It varies from less than an inch to two or more inches in length, Its 
average diameter is about (hat of a common lead pencil, Tt extends 
into the abdominal cavity below the point where the small intestine 
joins the colon. Ut is supported by a mesentery, the mesoappendix, in 
which blood vessels and nerves pass to its walls, 

The vermiform appendix in younger persons has a distinct Lumen 
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Bios 48. Cross section of a hatte appendis Note SUC die rent ptowcinty Chere ate 
many Hyinph nodules In mucosa and sabmucoya, Not all uf the miuscubiis extern has 
heen dawn (Courtesy, Bremer-Weatherford: “bestbook of TLotolagy" Pbdladelphiia, 
Vhe Muakistan Gompiny,) 


which is Lined by a simple colummar epithelium, Crypts of Lieberkilhn 
ue present in the mucous membiane, bxcept thac they are not ay 
abundantly supplied with goblet cells, they ave similin to those in the 
colon. Argentalling cells and cells of Paneth ave both found i the 
clypls, The (unica propria, between the aypts. is llled with lymph 
nodules surrounded by amass ol cdilluse lymphoid tissue. These nodules 
possess well developed germinal centers, They penetate te muscularis 
mucosae so uhat they extend dram the mucous membrane into the 
submucosa, 

The muscular coat presents che sue armougement of an inner 
circular and an outer longitudinal Jayer of smooth muscle fibers as in 
the small intestine, Some of the fibers of the longitudinal layer may 
extend into the mesoappendix and completely invest the blood vessels. 

The serous coat is lormed by the continuation of che mesoappendix 
around the wall of the appendix. 

As age advances degenerative changes take place in the mucosa, 
which bicaks down into a maas of disorganized material with which, 
in time, the lymen is filled. As the degeneration of the mucosa 
progresses, the epithelium is destroyed, only portions ol the crypts and 
a few of the fibers of the muscularis mucosae remaining. 
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The sigmoid colon ends in the expanded portion of the alimentary 
canal which lies between it and the anal canal, This short, expanded 
portion is known as the recta, 


Some authors regaid the rectum nd the anal canal as puts of the same suuc- 
ture; the anal canal being the lower portion of the rectum (pars anatis rect). 


The wall of the rectum is somewhat thicker than that of the colon, 
although its coats or tunics are the same as those which have been 
described for other parts of the alimentary tact, 

The mucous membrane contains numerous tubular crypts, which 
differ from those in the colon by being somewhat longer and wider, 
and in containing a greater number of goblet cells, A number of 
solitary lymph nodules may be present in the mucosa. 

"The inner circular layer of the external muscular coat is continued 
from the colon without any perceptible change, The longitudinal fibers 
of the taeniae combine to form a single Jayer which may he consider. 
ably thickened on ane, or on tvo, of the sides ol the rectum, 

The serous membrane which invests the sigmoid colon extends 
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only a short distance on the wall of the rectum, the greater part ol 
which is enveloped by an adventitia of loosely ananged connective 
lissue libers, 

A series of transverse folds, the valves of Lloustan, project into the 
tube and extend from a third to three-lourths of the way around. its 
wall, These folds not only include the mucosa ane submucosa, but 
also portions of che muscular layers. 


Tnm Anat, Canal. 


As the wall of the rectum passes into that al the anal canals it is 
thrown into a series of longitudtial folds, dhe ana’ cadres, or codtanns 
of Morgagni. The lower ends of the cohomns ae united to loon ving: 
like folds, which pass transversely around the wall al the canal, the 
anal valves. The grooves between the coltans (dial ade’) extend 
downward and end behind the valves in a munber at blind pouches, 
the anal sinuses. 

As the simple columnar epithelium of the rechim: passes into the 
anal canal, it becomes a two or three layered: stratihed columnar epi- 
thelium, whieh may be inyaginaed to fom a lew cryptlike glands. 
The lower portions of the columns we covered by a stratified squamous 
epithelium, which extends over the ridges Lom below. The stratified 
columnar epithelium is continued in the grooves (sulci) between the 
columns, At about the level of the anal valves the canal is lined hy a 
thick, papillated layer ol stuatified squamous epithelium. ‘Chis is con 
tinted to the border of the anal opening, where it pives place to the 
thinner epidermis which covers the cutaneous sunlace, The layer ol 
stratified epithelium below (he anal valves, and the epidermal layer, 
rest. on a corium of closely interwoven connective Ussue fibers, Above 
this the subepithelial connective tissue is in the foun al a submucosa, 
The more loosely anianged connective tissue, external to the corium, 
contains numerous blood vessels ancl small) Pacinian corpuscles, 

The muscularis mucosae of the yecttum spreads auc as it approaches 
the aval canal, its fibers passing in the loom of small bundles, iuto the 
anal columu as the dilacor muscle of Rudinger, 

The circular layer of smooth muscle fibers ends in a thickened 
muscular ving ac the level of che anal valves, dhe futerual sphincter 
muscle ‘of the anus. External to, and a little below the internal sphine- 
ter, bundles of striated fibers are grouped together to farnt the external 
sphincter muscle. The fibers of the longitudinal layer of smooth muscle 
pass between the internal and external sphincter muscles to end in tie 
dense fascial tissue of the corium, A number of striated muscle fibers 
external to the longitudinal Jayer, belonging to the levator ani muscle 
may be scen in sections, 

Branched tubular suvctures, the intramuscular glands, are located 
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amooth muscle 










|__. Longitudinal fayor of 
smooth muscle 


Linon ano-roctalia 
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Zona columnmis —Intornnl sphincter 


oo Intramuscular gland. 


Linon elnuoge aninlln operon! 


—Hxtornal aphinctor 
Zona Intormodia 


Linon ano-outanen 5 --—-Sebacsous gland 


Zona cutanon 
Vr. (45, Longitudinal section though the pats analis recti, From a human embryo of 


187 mm, (bout four months), (FP Johnson) (Courtesy, Bremet-Weatherfod: “Pest 
hook of Istology.” Philadelphia, The Blakiston Company.) 


gol VUE DIGESTIVE SYSTEM 


in the comective tissue behveen the cheular and longitudinal fayers 
of the smooth muscle and in the sepia between che bundles of the 
circular layer. These tubules are lined by a one ov two Layered epi- 
thelium of low columnar cells. Phe tubiles unite to forme a duet, the 
epithelial lining of which is several ayers of cells in depth and which 
extends obliquely downwiid to open on the sutbice of the epithelium 
of the canal. The ducts lrequently presenc cystlike enlargements, ‘Chese 
glands are relatively lew ty number, 

A few sebaceous glands are located below the level of the intewnal 
sphincter muscle and are not associated with hair follicles, A number 
of large, coiled tubulin glands. similar in appeaninee to sweat glands, 
are present in the area esternal to the border of che anal opening, 


The following zones have been desigmated accondiags te the changes which take 
place in the form of the epithelia in che anal Gaal, Lhe region accupied by 
columns of Morgagui is known as the columnar cone (ave colimunariy), Vhe upper 
limit of this zone is indicated by the fine that neiks the casition fom the simple 
coho epithelium of the rectum to the statived cola epithelia which 
covers the upper parol the anal columns, the ante rectal line (laa ara vectalty). 
Below the anal valves, the legion which is lined by se bier ob stratified SCUUEMOUS 
epithelium, is known ay the Puermediate sone (sond intermedia) Che epithelium 
fom this zone extends upwardon the anal columns tor coving distances, the line 
formed by its meeting with the siauhed colar epithebunt heany quite bregula, 
the linea vinnosa anal, AC the border of the anal opening the epithetiune of whe 
inteumediate zane merges into The thinner epidermal aver over Che cuiateouy sane, 
zona cutanea, Lhe tine which marks the tasition between che mienmediate and 
cuumeous zones being Known as the fined ane eutanen, 


SUMMARY 


The digestive system consists al the: 
A. Alimentary Gatct proper 
L. Mouth 
» Pharynx (oral and faryuyen! portions) 
4 Ksbphagus 
4. Stomach, 
5. Sinall intestine 
a. Duodenum 
ho Jejunum 
c. Uenm 
Large intestine 
‘a, Colon 
(ft) Caecum 
(a) Appenclix 
(2) Ascending colon 
(3) Transverse calon 
(4) Descending colon 


re 
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(5) Sigmoid colon 
(6) Rectum 
(7) Anus 
B. Accessory structures and glands 
lL. Teeth 
2. ‘Tongue 
8. Salivary glands 
a. Parotid 
b. Submaxillary 
c. Sublingual 
4, Liver 
a. Gall bladder 
5. Pancreas 
The wall of the alimentary tract, from the pharyngocsophageal 
junction to the rectoanal junction, has a common structural plan 
which is: 
1. Mucosa 
a. Epithelium 
hb, Tunica propria 
2. Muscularis mucosae 
3. Submucosa 
4. Muscularis externa 
5, Serosa—covering almost all of the tract below diaphragm or 
Adventitia—forming external coat of esophagus and part of the 
rectum below extent of peritoneum 


THE DIGKSTIPE SYSTEM 


206 


wey 


SS aR peop pe Sa 


aE silage asym ‘suompunf jeusponponseS pur eaSeyG@ossomsed ze tdaove ‘aqqetiea ieqmomos st simm20 oSueyp Tonys Je fact on ap 
pure jenpesd sue suns ur saSueyp weYI 39ey Jyt OF PoyED aq pynogs aonusTYy Isemdys ues yo wouE peordas o7 suZFAL yersieur me~aquyE -a1oN 


| 


ses eeciecoecicte ele De REPO oo 


| 


feet oats eeu Seseeneceselces “PRP SDIEISpON, | 


i 
i 
a RS ee hl es 


| 

ene A ctf seo) 2S Neel __ ums aden spinddy 
Snomenbs | 
sSurpry jo opsna: ft yaosod, wan309} POE OF i 

.--. JEP Bro oF speasds| een EE, seuamje? pogneng sauy 








Pee, es es pap a spades! __ semamny0o 
































PED SPREpo | EEE ADEHS repo Spdies my 
__ vepadooey i, sa egg] seummen dang BOHD “E 
uorpunt peurop 
: he ofemp agence) aunsrey sSre7 
a34e} UH apanepy} __. (ey | ea aay manage "€ 
wes nile Gawatca gg: COMER MEE, STON a. _. _ 232, SER apanzpy!| wmunfof = 
i 
none ne EL P ED young! AEC ear atnes Pi nchand Si oe | RO TEREST I 
H apsna ifoous ‘ H , | 
ssowmpryr aiqeue yf 7@ 1axz] padopasep pe i BE AE 33 


eazy pap | 





apna grooms | 





ities erp Ape) Se en spanepy—_wuamyon dans WEBS 


: 
apsnur yeous | 





Jds2 PI 4 = jo wizt ann SEBENY 2s 2 cpr Jyrerpory! 














yem iouawe uo lusssid ir] DansiG f {suonz0d 
sqem {momesrp femmpnnSagi = at i i JeaSusryy pur pug} 
Feia1E] pur roveisod uo 2iz] peuysp [194 ON jsmsow paguere sreqy ouseyg) 29.2] KN spanepyi snowenbs pognens! AUUEYD 
| mudory puny} unyoyTdy 
psoonutgns | ousomnyy sEsnasn ye i DSOIR PE wore 





SOUSREDOVEYHD Tiliomis Tas 
JOVaL, Asse. 


207 


SUMALARY 
































ESOONUIGNS 3 OUT Pus! i 
soapou yduray ym payra 5. Taleo apsnur tnoous| xipueddy *p 
psn poyenns—iepuiyds peursrxy) 
| Epsey Uy SoIeUINUA? I.E] FEIDINY 
pease snoydasy passes may PB OAPY| __ Bpuryds [eurswr se spus sepmxp seuuy| sauy °¢ 
; eassn ydesy fred samo] oF ENMuaspy) 
SSRUIP UOS PUR SIPoU AreIos Jo agua y| wed saddn ur esosag) spieq povaxpias g omIeYy 
esoonurgns a 3 
2} PENS lent pigs softpou Meijos magj_ Surea0> yenseg—esors| oo eruse popes spurq powrprp ¢| BID “1 
ESOOMUIGNS Joie ABT So~MpO\ spued pauaspryi ¢ 10 | OME 
Spee 2uies pur snssn_proydusy asnyra| 2iqeHeAiposoures st sie] opsnm yeuypanucy_wI0) spon Beer 





anssy proqdury asnyiq “soured sodeg 





Racwe ee ne POU UGEE JO SUOr winayy “¢ 


sommpo Arnos 
onssii proudmdy asnyrg| 
semnpou Areqtjos 
aus progdmay anya} 
{suonesoi83e pug arewjos) suowesueLe 
Supwes ur soynpox “onssei_proydux<, asnyia 





mnunisf | 











RB EPNISUO|—I9TINGQ 
BSOIDG) mas pico tcien)| apsnur tpoows, 
i asputyds 2110f1d vri0y 
jo} pauarpry] ase SIose] o[pprur pue senKy 
| jeurporsuo0j—191ng. 
TE{NID—IPPI 
Tpeureis Jo pusy s10;hd ur sommpou Treas anbryjqo~s2uuy 
i. 
| 
{ 





anssa proydm.«y asnyrq BSO196} 





soNpou [ems pevorse320} 
aussn proydar] asnyrp jo suoneSai88y 








znnusapy| apsnm peremns—% wddq snSeydosy 

SIMpou |EUIs Euoise20 pue suone$a88e : 

asngip jo wos ur sorooydur(y snoxuny| anssn aamoau0> 

SREP SD SOF UF serooydurly snorurnN! atissy1_ aamout05! 
Mudosy puny | pusaxy suzy . mara: 

uz ansszy proyduy fo quamaSuvup | PUT 1PusaRT i ee era 





auuysp Ue 100 siry! 
apsnar porenns| 





SOUSREIOVUVHD TU) WIS TREND 
ivalL awsIIg 


‘ 


TUL DIGESTELTPRAYSTIM 











minunial Ur uEtS lpia i | 
TeyQuamas PUT Ida WR] lun nial wr wEYE 1922045) | BMI “§ 
PRpUELY puE UIUT TEE pero pur yey! | mwonbf z 














sored ajpprm isu madde isnz 
Prog pUz AO] 


[ 
i 
| 1 
i 
¥ Taasgy weImag] qesqy 
ei , Teesqy = Wwesgy! 333 
4 
SAAD ISI POINT aepager pads Sid WISP | HBA | mnzoynagg 
i i 


i 
NOLIDNAL WNvoIDsYy SHI OL XouDNaf TraovHJOWODN WyH_ FHL NOU LOVE] SALISADIC( AHL JO WAL] Tysoonj}y NI SNOLLY RIVA 
































uorsoy 








200 


SUMMARY 





! 















azengm ojdung wz] apsnu 

WEI PSqery Jo sidary -] Feurpmisuol ayi jo sturuspup % TODO “S 
qengni ajdaung zizy apsnu 

ByTHegery] jo dixy Fempnrgno] amp jo sSuruxpup ¢ BOIOD “E 





snoonyy, | 





WISI 
ugredery jo ndiig 1 


xeqnqm ojdung 
uyMPegery jo sidary | 


sea 


svunssimy aay 











| eudoid yoru], 








| eudoid gory, 











aeqngny ajdung 
uyapegary yo ndiay | 

zejngm peyuarig 
spurs sxsuunig “7 





eudoid orm yz 






esoonuiqns 








quasalg 





zejnqm peyurig 
spurps 210]1d “T 








aenqni aydung 
spurs 2tnsey f 
qs 
azejngm poysuerg 
[enyiadns 10 seipieD | 
zenqn? peysurig 
spuris desp zo yesseydosy 


atl pur 2p. 





vet 


sulosas pte snoony, | erdosd worn yz 








snoonyy, | 





esoommiqng 








u01}9429§ ' 
yO vrusv 


spurt 





\ouovaf Iw volory SHL OL \onIo\af Tyao¥HaOsz07\ tuvH JRL Noes IOVY] AALISTOI FHL 40 WAAWY TYSONTY Ni SNOLYRETA 


14 


Sa ES espa i tee in aie SS Rin om SERB RT ce 





Glands 


Epithelium serves not only as a protective layer, but in some areas 
its cells become modified to produce specific substances or searetfons, 
Such cells are known as gland cells, These secretions may be required 
focally (mucus in the intestinal tracy), or the secretion may be used 
ata point some distance Irom the secreting cells (bile, produced by the 
hepatic cells and used in the small intestine), or the substances pro- 
duced by the cells may be added to the waste material of the body 
(urine). 

Glands may be classified in a variety ol ways: According to whether 
their secretory products are secreted directly into the blood ov lymph 
stream (duciless or endocrine glands) ov ave carried by means of a 
mare or less complex duct systcin (a be emptied ata point some distance 
from the secreting cells (duel ov exocrine glands). A lew glands have 
both exocrine and endocrine portions in the same gland (pancreas), 

The exocrine glands are further subdivided according to their 
structure: 

A, Unicellular glands (goblet cells) 

B. Simple 

lL. Tubular 
a, straight 
b, coiled 
¢, branched 
2, Branched alveolar or acinar glands 
8, Saccular 
Cc, Compound 
1, Tubular 
2. Alveolar or acinar glands 

Glands are sometimes classilied according to the kinds of secretion 
they produce, ic, mucous, serous, or mixed glands; ov they may be 
classified according to the way in which ubey expel their secretions, 
as merocrine, apoctine, or holocrine glands. : 
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EENDOCRIND. GLANDS 


These glands consist ol cards or masses of closely atranged epithelial 
cells having a stroma of very delicate connective tissue, ar of saclike 
structures (follicles) lined by epithelium and held together by a more 
dense connective tissue stroma, One characteristic of all endocrine 
glands is their extreme vascularity, Blood and lymph vessels lic in close 
telation with the epithelial cells which scerete their materials directly 
into the bload and lymph systems to be carried throughout the entire 
body, These glands have no duct system of any kind, The endocrine 
glands ave: the (hyroid, parathyroids, adrenals, hy pophysis, islands of 
Langerhans in the pancreas, the inferstitial cells of the testes, and the 
corpus luteum of the ovary. 


Exocrine GLANDS 


The simplest form of secreting structure is a single cell (unicellular 
gland) which in man is represented by goblet cells, These cells occur 
throughout the epithelial layer lining parts of the respiratory tract 
and throughout the alimentary tract. In the alimentary tract, for 
example, sonic ol the cells scattered throughout the epitheliun lining 
the tract, modify and produce a substance, mucus, This material is a 
thick, slippery secretion which is expelled from the cell onto the surface 
al the epithelium where it forms a protective coating for the entire 
epithelial layer, and in the Jower part of the tract it serves as a lubri- 
cating substance as well, 

The mucus of the goblet cell is praduced in the cytoplasm of the 
cell, where it first appears in the form of small granules in the apical 
portion of the cell and in velation to the Golgi apparatus, These small 
granules coalesce and eventually the large globule of dense mucus 
entirely fills the apical portion of the cell. [1 pushes the nucleus and 
the cytoplasmic substance toward the hase of the cell where they are 
compressed. When the cell is ready to discharge its secretion, the mem- 
brane on the free end of the cell may rupture and the mucts may 
be extruded into the lumen of the intestine, At other times the 
mucus May escape more gradually, as it is formed, In the first instance 
ihe cell collapses and undergoes a period of rest and regeneration after 
which the secretory phase is again repeated, Thus gland cells undergo 
periods of rest and secretion and it is possible to find cells in various 
stages of activity. 

Jt is nat known just what structures of the cell are primarily 
responsible for the formation of secretions. Undoubtedly both the Golgi 
apparatus and the mitochondria play some part in the formation ol 
secretion, but just how it is brought about is unknown. > 

Except for the goblet cell, all other types of glands ave multicellular. 
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In all multicellular glands there is a structural and functional differ. 
entiation of the cells, First there is an increase in the cells with a 
subsequent invagination, cilher confined to the epithelial layer or as 
more commonly occurs, extending into the underlying connective 
tissue (tunica propria or the stroma), In certain regions the secreting 
elements may extend info the submucosa (Brunner’s glands of the 
duodenum). This-is followed by a functional diflerentiation of the 
invaginated cells, Some of the cells, usually those in the deepest: part 
of the invaginated cell group (fundus), take over the secreting function, 
The cells connecting these secreting cells with the surface epithelium 
act Lo transport the secictory products 10 the surlace, These cells form 
the excretory duct system. By repeated division and growth the com. 
plexity of the gland develops. In a few instances some ol the cells lining 
the duct system nearest the secreting structures may also assume a 
limited secretory function (salivary glands). 

There are three types of secretory terminal end pieces in glands, 
The terminal secretory portion of the gland may appear simply as 
the fundie areca of a tubelike invagination of the epithelial layer, or 
the secreting areas may consist of tall pyramidal cells arranged about 
a lumen, These secreting structiues may be clongated and sausage- 
shaped, the so-called alveolar end pieces, or they may lorm round ball. 
shaped structures known as aciuar end pieces, The cells lining the ducts 
nearest. these secreting end pieces are usually low cuboidal or cuboidal 
in shape and stand out sharply from the secreting portion of the gland, 
On these secreting cells there are usually terminal bars along their 
free surfaces and in many of these glandular end pieces, small canals 
extend from the lumen and penetrate between the cells, ‘These canals 
end blindly and may branch, The walls of these canals are formed by 
the cell membrane. The canals serve to increase the surlace for the 
elimination of the secretion, A further modification is seen in the 
parietal cells of the stomach, which show a system of extremely fine 
intracellular canals which serve a similar purpose, 

Multicellular glands may be divided structuvally into: simple and 
compound glands. Simple glands may have only a secreting portion 
which opens on an epithelial lined surface or it may have a duct, Such 
a duct will be unkianched and the secretory portion which empties 
into it may show a varicty of forms: simple, branched, or coiled tubular 
structures, of alveolar or acinar end pieces, 

Compound glands, on the other band, are more complex in struc. 
ture. However, they consist essentially of many simple glandular ele- 
ments joined together by means of a system of ducts which ultimately 
drains ,the secretion from all of the “simple glands" and empties 
eventually on an epithelial lined surface. Their end pieces are most 
often alveolar or acinar in shape. 
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UNIGELLULAR GLANDS (Goblet Cells) 

SIMPLE GLANDS 

TUBUTAR, a SEMPIE SIRAIGHT TUBULAR GLANDS. They consist of 
short, swvaight, epithelial lined, invaginated tubules. ‘Che limen is the 
same diameter thoughout and it has no excretory duct bat opens 
directly onto the suitace of the epithelium, (Ex.: crypts of Lieberkihn 
of the intestine.) 

b. SIMPLER COMED “TUBULAR GIANDS, They have a relatively long 
excretory duct and a long secretory portion which coils on itsell to 
form a Anatlike endl portion, (Ex.: sweat glands.) 

C. SIMPLE WRANGHED TUBULAR GLANDS, These glands may or may 
not have an excretory duct, The secretory portion is tubular and may 
show a variable number of branches. The terminal portions may be 
very slightly coiled or bent, (Ex. branched tubwar, no duct: pyloric 
glands of the stomach; branched tubular with excretory duct: Bran: 
ner’s glands of the duodenum.) 

Branctiep ALVEOLAR OR AGINAR GLANDs, In this type of gland a 
number of alveolac or acini empty along a single duct. Usually the 
end piece is of the acinar type, (Ex.:-Meibomian glands of the eyelid.) 

SacauLar, These glands present no true lumen, They consist ol a 
compact group of secreting cells arranged in a saclike mass, The size 
and, therefore, the number of secreting cells is variable. These cells 
expel their secretion by themselves disintegrating as they approach 
the neck or mouth of the gland. (Bx. sebaceous glands.) 

COMPOUND GLANDS 

Coarrounn ‘Tubular GLanns, The excretory duct consists of a ntiim- 
her of branching tubules lined by a simple (or psendostratilied) epi- 
thelium, The secretory portion is also wubulary they usually branch and 
their terminal portions coil slightly, (ix.: cardiac glands of the stomach 
and the pure mucous glands of the mouth.) 

Cospounpd ALVEOLAR OR AGINAR GLANDS, These glands are more 





Fie 146, Dingrams of simple exouine glands, (A) Simple tubula. (3) Simple coilul 
tubulue, (Gand D) Shnple branched tubulin. (Ee and F) Slinple branched aeluou. (Cou 
tesy, Kingsley: “Compiradve Amiomy of Vertebintes,” Philadelphia, The Blakisten 
Company.) 
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Fic. 147, Saccular gland (human sebaceaus gland), ‘This type of gland iy a solid: mass of 
cells. It containy no tumen tid ne Que duct system, Photomtoogiph, 


properly called (ubuloalveolar or tubuloacinar glands since many of 
their sccicting elements are tubular, The duct system is complex and 
is lined by a variety of epithelial cells arranged from a simple to a 
stratified layer, Sometimes all of the ducts empty into a single large 
duct; in other cases several ducts may represent the terminal portion 
of the duct system. If there are a number of round secreting end. pieces 
among the tubular structures, the gland is relerred to as tubuloacinar; 
i! they are alveolar in shape it isa tubuloalveolar gland, The compound 
glands are: the salivary glands, the pancreas (except the islands ol 
Langerhans), etc, 

Glands are olten referred to as mucous, serous, or mixed glands 
depending on the kind of secretion which they produce. The acini 
in each case is very typical and microscopic examination will identily 
them. The acini of both mucus and serous secreting glands consist 
of pyramidal cells arranged around a central Inmen, ‘Phe nuucous acini 
are characterized by the clear cytoplasmic areca which contains, or cid 
contain, the mucous secretion, The nuclei are dark staining and 
flattened against the base of the cell, The lumina of mucous acini 
ave larger than those of serous acini in order to allow for the exit ol 
the thicker mucoid seeretion, The mucus is usvally colorless and 
appears as a clear space, Serous acini, on the other hand, are made up 
of cells that have a granular cytoplasm, the size and number of 
granules depending on the secretory activity of the cell, The nuclei 
are round and more lightly staining and usually cenurally placed, They 
are never flattened against the basal portion of the cell, Some mucous 
acini may be “capped” by one or more serous cells, These cells (demi- 
lunes) fit over the basal edge of the mucous cells and are semitunar in 
shape. Their cytoplasm is granular and their nuclei round and in the 
center of the cell, Their secretion reaches the lumina of the mucous 
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acini either by a nartaw prottusion of the cell which extends berveen 
the mucous cells or by way of intercellular secretory Gunaliculi, Te is 
thought that the serous secretion thins the heavy mucoid material 
produced by the mucous acini. 

Glands are sometimes classed as merocrine, apacrine, or holocrine 
glands, depending on their method of expelling their secretion. In 
merocrine glands the seeretion is expelled without damage to the 
cell, Tt secretes, rests and secretes again, Most ol the glands of the 
body secrete in this manner. In apocrine glands the entire apical 
portion of the cell is expelled with the secretion, From the undeus and 
cytoplasm remaining in the basal portion of the cell, the cell is able 
to regencrate and secrete again (ex.: mammary gland), Holocrine glands 
show destruction of the'entire cell which degenerates by fri lgmentation, 
The fragmented cell and ils secretion represents the secretory material, 
New cells are produced to replace those destroyed by the activity of 
the gland (ex.: sebaccous gland), 














Glands Associated with the Digestive Tract 


Besides the glands that are in the submucosa and mucosa of the 
digestive tube proper, there are several large compound glands which 
are accessory organs of the digestive system, These glands lie outside 
the digestive tract but are connected to it by way of their terminal 
ducts, and the secretions which they produce are emptied into the 
digestive tube, These secretions are important for the proper digestion 
and assimilation of the yarious Jood elements. The glands are: the 
salivary glands, the pancreas, and the fiver with its attached gall 
bladder. 


THE SALIVARY GLANDS 


The salivary glands are large duduloacinar (tubiuloalveolar) struc 
tures which are associated with the ora) cavity and produce a secretion 
known as saliva. The principal salivary glands are: the parotid, the 
submaxillary and the sublingual glands, Besides the secretions pro: 
duced by these glands, the saliva receives additional secretions from 
the labial, buccal and lingual glands which are located in the mucous 
membrane of the oral cavity. 


The Parorm GLANp 


The parotid gland is located just beneath the skin and occupies a 
depressed area or fossa between the ear and the ramus of the mandible. 
It is enclosed by a dense fibrous capsule (upward extension of the deep 
fascia: of the neck) from which connective tissue septa pass into its 
substance. The connective tissue septa form the stroma by which the 
parenchyma of the gland is supported. These connective tissue septa 
also furnish support for the system of ducts, blood vessels and nerves 
which extend: into the gland, 

In man, the parenchyma is made up almost exclusively of serous 
acini whose secretion reaches the oral cavity by way of a complex 
duct system, ie 

The secreting portions of ‘the gland consist of acinar or alveolar 
type end pieces, The ‘cells are pyramidal in shape and are grouped 
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about a lumen which, in the resting cell, is so small ‘that it is practically 
obliterated, During periods of secretory activity the cells diminish 
in size and the lumen becomes somewhat larger. Basal cells have been 
reported to be present. 

The secreting cells have a lightly basophilic staining cytoplasm. In 
the resting stage it is filled with fine presecretory or zymogen granules 
which are most distinct between the nuclei and the free surfaces of 
the cells, After a period of prolonged activity the granules disappear, 
but are formed again following a period of rest, Basal striations are 
present and are especially evident alter periods of prolonged activity, 
‘The striated appearance is due to the presence of small rodlike struc- 
tures which ave supposed to be velated.to the production of presecre- 
tory granules, The nuclei are round and cenily located, They stain 
sharply with hematoxylin, 

Beginning at the acini, the famed portions of the duct system are: 
interoalary (intermedi He). ducts, intralobular (salivary) ducts, inter 



















48. Section of-a-human: parotid gla y methylene blue und eosin. 
clion-of a duct, (8) Secretory cell. (¢) baat rations, (Courtesy, Bremer Weather: 
Textbook et Eeclogy." Philadelphia, The Glakistan Conipany.) 
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lobular ducts, interlobar ducts and the main secretory duct (Stensen’s 
duct). 

The intercalary ducts (intermediate) are relatively long, Their 

. epithelium consisis of low, flattened cells which are continuous with 
the cells that form the walls of the acini. 

The intralobular (salivary) ducts are lined by a low columnar or 
cuboidal epithelium, The nucleus is round and centrally placed. The 
cyloplasm contains fine granules and the basal part of the cells shows 
striations, These cells have a secretory function and are thought to 
add water and certain salts to the product of the acinar cells. 





Kio. HM. Section of a submaxillary gland showing: serous 
and mucous acini. Lematoyytin and eosin, Photomicrograph, 


The interlobular ducts are found in the connective tissue septa 
between the lobules. The first portion of these ducts is likewise lined 
by a simple columnar epithelium which changes to a pseucostratified 
columnar in the interlobar ducts, In the interlobular and intralobular 
ducts, small stcllate cells ave located between the epithelium and the 
basement membrane. These cells, which are not regularly disposed but 
occur at irregular intervals, are known as basket cells, They can be 
recognized in ordinary sections by their small, sound, deeply staining 
nuclei, The basket cells send delicate protoplasmic processes about the 
cells of the epithelium, These processes are believed to contract and 
(hus aid in the passage of the secretion through the duets. 

Stensen’s duct passes forward in the tissue of the cheek and opens 
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Fie, 150, Section of submavillary gland, showing a lmgo nerve ganglion In the mterlobra 
connective fosuc, (i) Blood vessel, (x) Groups of ganglion cells, (c) Mucus-seuoting vein 
Photomicogiaph, 


into the oral cavity apposite the second molar of the upper jaw. The 
stratified squémous epitheliuin of the oral cavity is continued inte the 
duct a short distance from its opening, i then becomes a stratified 
columnar epithelium ar pseudostratified columnar epithelium. 

The epithelium of the duets rests on a layer of densely interwoven 
fibrous tissue. « 


Tum SUBMAXILLARY CrLAND 


The submaxillary is a mixed gland containing both serous and 
mucous acini. The proportion of scrous to mucous acini varies 
markedly in different animals, In the dog the gland is predominately 
mucous, while in man the serous acini are by far the most numerous, 
constituting about fourfilths of the total number of acini, while the 
mucous acini make up the other one-fifth. 

The gland is enveloped hy a capsule of dense fibrous tissue from 
which septa extend into its substance, dividing it into lohes and lobules, 
The duct system is essentially the same as that of the parotid gland. 

The cells of the serous acini are similar to those of the parotid 
gland, The cells of the mucous acini are pyramidal in form. The 
gremlay part of he mucous cells are (led with a mucoid substance 
which gives them a clear, homogeneous appearance. The nuclei and 
a smal] portion of the cyloplasm are pressed into the base of the cell. 
They are arranged about a relatively wide lumen, Some ol the mucous 
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acini are capped by large, concentric cells called denilimes (leiden. 
hain), or crescents (Gianuzzi), which are located between the mucous 
secreting cells and the basement membrane, These cells have the same 
structural characteristics as cells of the serous acini. The cytoplasm is 
filled with numerous presecretory granules and there is a large, round, 
centrally located nucleus. These cells produce a serous fluid which is 
chemically similar to that produced by the cells of the parotid gland. 
Besides the enzyme which they add to the salivary secretions, the 
watery Muid produced by the demilunes has the effect of thinning the 
secretion of the mucous cells, thus facilitating its passage through the 
ducts. 

The intercalary (intermediate) ducts which communicate with the 
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ata 
Fa, 151, Portion of submaxiory gland showing mucous 
acini with “capping" serous demilunes. Photomicrograph, 


serous acini are relatively long, while those which communicate with 
the mucous acini are short and wide, Owing to the difference in the 
length of the intermediate ducts to the two types of acini, the intra- 
lobular ducts receiving the mucous secretion are considerably longer 
than those which receive the serous secretion, The cells that line these 
ducts are similar Lo those in the parotid gland. 

The inwalobular ducts belong to the secretory system as shown 
by their striations, They are lined by a low columnar or cuboidal 
epithelium, 

The ducts of the excretory portion of the system are the inter 
lobular, interlobar and the main duct (Wharton’s). 

The interlobular ducts are lined by a simple columnar epithelium 
which changes into a pseudostratified layer as it continues toward the 
interlobar duct. 

The interlobar ducts are likewise lined by a pseudostratified colum- 
nar epithelium, 
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The principal duct (Wharton's duct) passes louward in the fear 
of the mouth to open into the oral cavity below the Up ol dhe tongue, 
The structure of Whinton's duct is similar to that of Stensen’s cluet, 
except that its walls nrg somewhat thicker and contain a pieater amount 


of smooth muscle tissue. 


"Pits SUBLINGUAL GLANDS 


The sublingual glands consist of small groups of glandular struc: 
tures located below the tip of the Cougue in the connective tissue which 
forms the floor of the oral cavity. Each gland communicates with the 
oral cavity by ils own duct, the openings of the ducts being located in 
small, papillalike elevations, which form a row on either side of the 
trenitum, Although the sublingual glands are mixed mucous and 
serous structures, the mucous acini greatly predominate. Demilunes 
are also present, A distinct counective tissue capsule around the glands 
is lacking. 

The duct system is quite simple compared with that of the other 
salivary glands. ‘There are no intermediate ducts, the acini being con- 
nected directly with the intralobular ducts, 

BLOOD AND NERVE SUPPLY OF THE SALIVARY GLANDS, 
The blood vessels which supply the salivary glands enter through the 





Fra. 182, Seculon trom a sublingual gland showing ducts, mucous anc scious act, Photo 
naleragiaph, 
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U1, 158 Injected sallvary glind showing the interlobular vessels and thelr relations to 
the intelobular duets the mtivobubln branches and the capillanes winding about the 
dant The spaces and Imes m black ave the blood vessels and hel capillary branches 
Photomicrograph 


capsule and their branches follow the distribution of the ducts, which 
they accompany in the connective tissue septa, According to their 
position in relation Lo the lobes and lobules they are known as inter. 
lobar, interlobwar, and intialobular vessels. The intralobular vessels 
break up into capillaries which wind around the walls ol o! the acini. 
The veins are in the same relation to the lobes and lobules as the 
arteries, which they follow in their course from the glands, 

The lymphatics, which ave not abundant, originate in capillary net- 
works about the acini, The capillaries unite to form the larger vessels 
which are located in the connective tissue septa. These vessels leave 
the glands to drain into the cervical lymph nodes. 

The salivary glands ae supplied by both myelinated and un. 
myclinated nerve fibers. The myclinated fibers lose their sheaths and 
end in the walls of the ducts. The unmyelinated fibers are from the 
autonomic system and supply the walls of the blood vessels, and they 
also extend among the cells of the acini, Some of the fibers end in 
relation to groups of ganglion cells which are located in the septa in 
association with the larger blood vessels, 


TUE PANCREAS 


The pancreas is onc of the accessory organs ol the digestive systent. 
It consists of two distinct Lypes of glandular elements: exocrine and 
endocrine glands. The elements of the exocrine portion elaborate 
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secretions that are emptied into the dugdenum and aid in the digestive 
process, "The endocrine elements produce a secretion that enters the 
blood sticam and is important in carbohydiate metabolism. 

"The pancreas is located in the upper part of the abdominal cavity, 
where it extends in a Gansveise pling from the loop of the duodenum, 
behind the stomach, to the spleen, [1 is divided into chice portions: 
the head, which lies in the duodenal loap; a middle portion called the 
body; and the tal which lies in relation to the Lront at he lel kidney. 
This organ docs nat have a distinct connective tissue capsule but is 
covered by a thin layer ol loose connective tissue which is condensed 
on its surface, and from which connective tissue septa enter the sub- 





Bro. 14. Tsland of Langevhans (greatly magnified) 
sunounded by panaeatic tissue, Chatamiciogiaph. 


stance of the organ to divide it intoa number of primary and secondary 
lobules. The smaller division of the organ is known as the primary 
lobule, A number of primary lobules are grouped together by broader 
and more loosely arranged sepla (o form secondary lobules, ta man 
the septa are often incomplete, The septa contain the ducts, blood and 
lymphatic vessels and nerves. 

EXOCRINE PORTION, The exocrine portion of the gland con- 
sists of acinar of alveolar-shaped secreting end pieces, together with a 
rather complex system ol ducts organized as a compound tubuloacinat 
(fubuloalveolar) gland, 

The cells which form the walls of the acinus (acinar cells) are 
pyramidal in shape. They show two rather distinct zones, an inner and 
a basal zone. The inmer zane contains coarse, highly refractive, pre- 
secretory granules (zymogen granules). The quantity of these granules 
varies considerably, depending on the secretory stage of the organ, 
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tumediately Lolowing a meal, the number ol these granules my be 
completely depleted, but during the resting stage the granules again 
appear, filling the inner zone and becoming so numerous that they 
even encioach upon the basal zone ol the cell, The basal zone contains 
the nucleus and stains more deeply basophilic than the inner zone. 
Tt contains a basophilic substance which appears in the farm of lati. 
tudinal striations or fine filaments, Very olten it is seen merely asa 
homogencously staining area. The exact significance of this basophilic 
substance is not known, It is not, however, a form of mitochondria as 
was once suggested, Mitochondria are present in the cell and a Golgi 
apparatus can be demonstrated. The nucleus is round and located 
in the basal portion of the cell. Its chromatin material is arranged in 
the form of a fine network, There may be one or more acidophilic 
staining nucleoli present. Very rarely, in man, are double nuclei 
present. Mitotic figures are seldom seen, 

Fxtremely delicate canals (fntrace/lutar canals) have been described 
in the cyioplasm of the acinar cells, These canals communicate with 
other fine canals which extend between the cells (iafercedlular canals) 
and serve (o convey the secretion to the lumen, 

The cells of the acini rest on a definite, but thin, basement mem- 
Inane. 


Blood vessel 
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Fo, 155. Section of panciers (cat) showing Island of Langerhans with surrounding acinous 
Ussuc, Photomicregiaph, 
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Fu, (66. Pancreade acint (guinea pig). (Left) Note chromidial substance in basal zone, 
The unsuined spaces in the apical cone represent zymogen granules aud: the unstained 
siiatons In the basal cone, mitochonthin. ‘Foludine blue atam, (After Bensley, 1OTL) 
(Right) sume tissue stained ( show ¢ymogen gumules In apical zone and mitochondiht 
in basal sone of cells, Acid fuchsin and methyl green stun, (After Weusley, LOL) (Cour 
tesy, Gowdiy: “Special Cytology," New Yorks Paul 0. Etoeber, Ine.) 





Inierposed between the apex of the acinar cells and the lumen is 
a layer of small, Jattencd epithelial cells known as centroacina cells 
The cytoplasm ol these cells contains vo granules and no basal stria- 
tions can be demonstrated. ‘Nhe nuclei ave oval aud occupy the center 
of the cells, These cells are continuous with the epithelial cells of the 
intercalary ducts, 

Beginning at the acinus, the duct system proper consists ol: inte 
calary ducts, branches of the main duct, and the main duct itsell (cluct 
ol Wirsting), In some cases an accessory duct (duct of Sartorini) may 
be present, and may open directly into the duodenum or it may join 
with the duct of Wirsung. 

The intercalary duct is lined by a cuboidal epithelium, The point 
of junction with the centroacinar cells is sharp since the cells of the 
intercalary duct.do not gradually diminish in height to become flat- 
toned like the centroacinar cells, 

The branchings of the main duct are found in the septa between 
the primary and secottdary lobules, Che cells lining these ducts aie 
cuboidal, becoming columnar as the diameter of the ducts increases, 

The principal duce of the pancreas (duet of Wirsung) is lined by 
a simple columnar epithelium. 

The epithelium of the ducts rests on a dense compact connective 
tissue which contains elastic fibers and longitudinal bundles of smooth 
mus¢éle, As the diameters of the ducts increase, there is a corresponding 
incréase in the thickness of their walls, due to an increase in the amount 
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of the elastic and smooth muscle fibers, This is especially the case with 
the duct of Wirsung as it approaches the duodenum, fn the ampulla 
of Vater, the smooth muscle in, and about, the duct is arranged in the 
form of a sphincter which keeps the aperture closed except when the 
secretion from the gland is being discharged. 

ENDOCRINE PORTION. The islauds of Langerhans repre- 
sent the endocrine portion of the gland. They are made up of more 
or less spherical clusters of cells scattered among the acini, The islands 
vary greatly in size, the smallest may consist of only a few masses or 
cords of cells, while the largest are visible without the aid of a magni- 
fier. They are relatively few in number in the head of the pancreas, 
somewhat more numerous in the bady, and are most abundant in the 
tail. 





Golgi apparatus 





Kia, 187, Golgi apparatus in normal secreting cells of the 
pancreas, 


In ordinary haematoxylin and eosin stained preparations the islands 
appear lighter than the tissue of the pancreas surrounding them. The 
cells forming the islands are arranged in irregular clusters or in the 
form of cell cords, which are in contact with thin-walled, sinusoidal 
capillaries, This close relationship between the cell cords and the 
sinusoids provides for a rapid transfer of the secretions of the cells to 
the blood stream. 

By the-use of special staining methods (Mallory or Masson stains) 
three types of cells can be distinguished in the islands of Langerhans 
of human pancreas, The first type, the A, or alpha cells, may be recog- 
nized by their latge, oval nuclei which are poorly supplied with chroma- 
tin, and by the large, red staining granules which, fill the cytoplasm. 
‘These granules are insoluble in alcohol, The cells of this type are fewer 
in number and show a greater.tendency to aggregate in masses, -than.the 
cells of the second type. The B, or:beta cells, differ from those of the 
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Pia, 188. (Top). Section of ai acinus (guinea pig) showing centro-neinar cells with 

tochondrin, and zymagei’ grimules in. the apleal portion of the acinar cell, A portion 
h Antercilated duct ts: inelucled. (After Nensley, 10H.) (Courtesy, Gowdry: "Speci! 

tology,” Naw ‘York, Paul-Be Hoabar, Ine) 

Wie. 189, (Bottom) Duct with branches showing dhe highly branched tubules connect: 


he duct with an isle’ (After Bensley, 1911) (Courtesy, Cowdry: “Specht Cytology.” 
Yorks Paul. Mogber, tie) 
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fast type by the diflercut stiining reaction aud chemical properties 
ol their gianutes (gtanules are soluble in alcohol) and by the smatter, 
spherical nuclei which contin: conse chromatin unises. Ehese are 
the most numerous of the islaud cells and ave the type mest Commonly 
lound in the cards. Fype D cells ave chatacterized by small, blue stains 
ing granules in their cytoplasin, ‘These cells make up oa very small 
percentage of the island cells. Another type of cell (type ©) has been 
reported by Bensley as occurring in the panaeas of the guinea pig, 
The cytoplasm of this cell is ree trom granules. 

The relation of the islands of Langenhins to the saucture of che 
pancreas has been variously interpreted. Apart fom the duet system 
for the exocrine portion of the pancreas. Bensley has described the 
presence of a system of small anastomosing tubules. ‘These tubules are 
derived from the intralobular ducts and ie found in the loose con 
nective Lissue septa around them, They de not carry secretions, These 
ducts are connected with the islands and occasionally with an acinus, 
The cells forming these tubules are low cuboidal: they have a 
homogencous cytoplasm: and the nucleus occasionally shows a mitotic 
figure, Bensley considers these cells to be undillerentiaced cells which 
have the capacity for translorming into islet cells and possibly into 
acinar cells under certain conditions, 

The pancreas produces avo secretions: exocrine and endocrine 
The exocrine secretion is produced by the acinar cells aud is known 
as the pancreatic juice. UW is alkaline in reaction and contains the 
enzymes trypsin, amylase and lipase. Trypsin is a proteolytic enzyme 
that forms amino acids Lom protein. Amylase breaks down starch into 
sugar and lipase is the lat-splitting enzyme, These enzymes, as stich, 
do not exist in the acinar cells, where they would destroy the pancreatic 
tissue itsell, but exist in the cells in the lorm of pra-enzyme substances. 
‘The acinar cells are activated by secretin, a hormone formed in the 
mucosa of the small intestine and reaching the acinar cells by way of 
the blood stream, or by nerve dinpulses through stimulation of the 
vagus nerve, 

The endocrine secretion of the pancreas, produced by the islet cells, 
is dnsilin, This substance is essential for the proper regilation of the 
carbohydrate metabolism of the body. Commercial extracts of this 
material are used in treating and controlling diabetes, 


THE LIVER 


The liver is a very large glandular organ located beneath the 
diaphragm in the upper right side of the abdominal cavity, [0 consists 
ol two large lobes: the right lobe, which makes up the right side of the 
organ, and the smaller left lobe which extends to the lei, above and 
behind the stomach, Two smaller lobes ave located on its inferior guy 
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lace: the quacate lobe, which is anierior in position, and the caudate 
lobe, which lies posterior, xcept fora small aea on its superior sirtace 
(the bare area), the surface ol the liver is invested by an outer serous 
layer lormed by the reflection of the abdominal paitoncum, Beneath 
(his is a thin connective tissue layer containing a wealth of elastic 
issue, which forms the capsule (capsule of Glisson), ‘Che connective 
Ussue of the capsule passes into the substance of the liver Uirough a 
fissure ont its inferior surace, the hepatic porta, Blood vessels and newes 
also enter here iad the connective tissue surrannds them and follows 
them, dius forming the supporting structure for the parenchyma 
(hepatic cells) and dividing the gland into its numerous small, irregu- 
Jarly arranged structural units, the Zobules. In man the quantity of 
connective tisste surrounding the lobules is meager and in places in- 
complete, while in the pig the connective tissue surrounding the 
lobules is abundant and forms a thick investing layer. 

The liver is peculiar in that its cells (hepatic cells) appear to be 
all alike cytologically, yet the organ carries on diverse functional 
activities. Tt functions as an exocrine gland in the production of bile 
which is excreted by way of ducts which ultimately transport the bile 
to the duodenum, Apparently these same hepatic cells store certain 
food substances (carbohydrates, proteins, fats) wntil they are needed 
hy the body, Vitamins are also stored in the liver, One of the most 
important functions of the liver is its ability to act as a detoxicating 
agent of certain toxic substances in the body and the destruction of 
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Fra. 160, p's fiver, (Gy) Contral veins, (1.) Hepatic lobules, Set) Intertobular comecthe 
Ussue, (Sv) Sublobular veln. The hepatic shuusoids me seen at Gv converging on the cential 
vein at the point where it opens into the sublobular veln Photomicogiiph. 
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loreign proteins involved in anaphylarise Li a sense it alo tanec tony 
asa filter, screening out of the blood varfousy loveign clements, iuclitd 
ing bacteria. The latter functions may be performed by the specialized 
cells of the reuiculo-endothelial system which line the smusoids benween 
the hepatic cells Other functions with which the liver seems to be 
intimately concerned are: coagulation of blood, ion metabolim: and 
the maintenance ol the flutd volume ol the blood, 





Fie 161. “Fangentinl section of human Hye, The two 
ceuual veins in cross section mmk the cents of two 
lobules which we not shuply sepaated from cach othe 
by definite intalobuiar connective tssuc septa Phat 
Micrograph 


Another peculiarity of the liver is the power it shows for regen: 
eration, and the speed with which it occurs, One experimenter reported 
that he removed 70 per cent of the liver tissue hom a dog and that 
within 48 hous, 75 per cent of the liver (by weight) was again present. 
However, the vegenciation does seem to depend, at least to a large 
extent, on the portal circulation bemg intact. Whether hepatic cells, 
duct cells, or intermediate cells are responsible for forming the 1egen- 
erating issue is unknown, 

TUF BLOOD SUPPLY OF TIF LIVER. Blood enters the liver 
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Vit. 102. Section though wv portal canal in buman fiver, Termtosylin and cost stain 
(Coutes, Bremer-Werthorod ' Cesthuok of [istolog\." Uhiladelphia, Te Makaston 
Company.) 


hy two vessels, the hepatic artery and the portal vein. The artery is a 
Inanch ot the cocliac axis and supplies the tissues ol the liver with 
nuiiont material ancl oxygen, The portal vein drains the bload from 
the intestines and the spleen, This hlood contains substances derived 
hom the digestion of foods which are to be stored in the hepatic cells, 
or are transiormed by them into bile, The courses of these two systens 
ol vessels through the organ is important and will be treated separately, 

On entering the liver by way of the porta, both the hepatic artery 
and portal vein branch to form the wverlobar vessels which course 
through the connective tissue septa between the lobes These veasels 
give off the interlobular vessels which form vascular plexuses around 
each lobule. The capillary plexuses of the hepatic artery diain either 
into the smaller interlobulat divisions of the portal vein or may enter 
the lobule and terminate in the intyalobular sinusoids of the portal 
system, 

In its course through the liver the hepatic artery supplies the 
capsule by way of the capsular arteries and the coats ol the vessels and 
ducts receive their blood from the vaginal arteries. The blood returns 
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from these wo areas by way of the hepatic veins which empty into the 
interlobular veins of the portal system, Fiom the intedobular venous 
(portal) plexuses, branches are given off which extend into the lobules 
where they lonm the intialobular hepatic sinusoids, At this point, 
attention should be called to the fact that all the bleod which enters 
the liver empties into the interlobular plexuses. 

The sinusoidal vessels converge toward the center al cach lohule 
where they empty into the cenfal vems which represent the hepin- 
nings of the hepatic veins, At the base of the lobule the central vei 
jos with similar veins liom neighboring lobules to Loum the siblobu 
lar veins which, in turn, unite to form the hepatic veiis., These lates 
vessels converge on the posterior stiface of the liver and enter the 
inferior vena cava as it lies in its lossa. 


Hepat slnusolds 
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Fic. 168, Reconstiuction of a portion of a iver lobule (human), Hepatle cell cords are 
yellow with ted nuclel; heputic sinusolds, blue; bile capillattes, green, (Courtesy, Bremer. 
Weatherford: “Fextbook of Histology,” Philadelphia, The Blakiston Company.) 
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THE BILLARY GAN.AL SYST AL ‘Phe biliary system of canals for 
transporting bile starts as exnemely fine canaliculi bewween the cords 
of hepatic cells in the center of the lobule, "Phe walls of these canals 
are formed, supposedly, by the cell membranes of the adjacent hepatic 
cells, Uhese canaliculi become larger as they extend away (rom the 
center of the lobule and at the periphery they empty into a series ol 
small ducts (duets of Hering) which join the inferlobular bile ducts, 
The ducts unite and (orm lager and larger ducts which ultimately 
join to form the right and left hepatic ducts that leave the liver at the 
potta, Aller emerging Irom the liver these two vessels join to foun 
the common hepatic duct, After iis function with the cystic duct trom 
the gall bladder, the common bile duct, which empties into the 
duodenum, is formed, 

The interlobular bile ducts are the smallest portion of the duet 
system (a have an epithelial lining, These ducts are lined by a simple 
cuboidal epithelium which gradually increases in height until it 
becomes Wl columuar in the larger ducts near the porta, The 
epithelium in the smaller ducts resis on a thin connective tissue 
layer which increases in thickness and contains clastic fibers and some 
smooth musele fibers around the larger ducts, The exuahepatic duets 
(hepatic, cystic, and common bile ducts), are lined by tall columnar 
cells with a scattering of goblet cells, which rest on a connective issue 
stroma containing elastic fibers and smooth muscle, The stroma is 
taisecl Into ridges, but itis not folded to form an alveolar surface, Che 
quantity of smooth niuscle varies in these ducts and within the com: 
mon duct. The fibers of the muscularis are uot arranged in definite 
layers, the longitudinal, oblique, and circular bunctles being more or 
Jess interwoven with one another, In the lower end of the common 
bile duct the quantity of muscle increases, particularly (hose having a 
circular direction, and forms a sphincter muscle. 

HEPATIC LOBULES, ‘The liver is composed ol a number ol 
small, more or legs cylindrical structures, the hepatic lobides, Portions 
of the fibrous capsule of Glisson, conwining branches of the hepatic 
artery, the portal vein and the bile duct, are located between the 
lobules and are Known as the portal canals. A large central vein occu. 
pies the central portion of each lobule. 

Each lobule is composed of hepatic cells arranged in branching and 
anaslomosing cords (hepatic cords), which radiate from the cenual 
vein to the pariphery of the lobule, The spaces between the cords 
are occupied by the capillary sinusoids of the liver (hepatic sinusoids). 

Kach hepatic cord or wrabecula is made up of two rows (rarely Uiree) 
of hepatic cells. Between their contacting surfaces extend the bile 
capillaries, their walls being formed by the cell membrane of the 
hepatic cells. These bile capillaries possess lateral branches which form 
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AN ANastomosing communteaung network, Lhe prescuce af bile cupil- 
Jaries can only be demonstiated by the use of special staining methods, 
The hepatic cords are made up of Luge, polyhedial cells (which in 
man ange from 26-35 microns im diameter). Ihey possess oud, or 
hiequently uvo, roand centally located nuclei which ate poorly sup: 
plied with chromatin material The nuclea membrane, however, ty 
quite disunat. Aadophilic nuctcoli are usually present and readily 
disunguished ‘The hepatic cell does not poses a tue cell membrane, 
instead its place is taken by a condensation af the protoplasm at che 


Hie 164, Retloulm thes In ve 
io haman ver Paps method and hemmtosylin (Com 
tos), Brentar-Weatharfouls  "Lesthook of  Histotagy,’ 
Philadelpina, the Blakiston Company ) 





surface of the cell. A Golgi appatatus is present, as well as mitochondria 
in the foun of granules, rods or asa filament. Nounally the dite 
chondiia ae paranuclea in’ position. Granules of carbohydrate 
material in the form of glycogen are present, as well as lat droplets, 
potein mateiial and pigment gianules, The quantity of any one ol 
these mclusions, together with the internal structure of the cell, and 
therefore, the appearance of the hepatic cell, varies with the functional 
state of the organ. 

The hepatic sinusoids are thin-walled capillary structures which 
occupy the spaces between the hepatic cards, ‘Two types of cells form 
a lining lor the sinusoids. Lhe cells of the furst type are endothelial in 
character and are flat when viewed in profile, with small, deeply stain- 
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Fic. 168, Secon of rat User to show Kilpiter celle {a the hepade sinusoids, The bine 
substance dn the Kitpifer cells iy particles of injected Qypan blue which ltd been fit 
jected invaperttoncaly, (Courtesy, Snuth and Copenhavers “Nalley's ‘Texthoak of tls 
tology," Unltimare, Williams & Wilkins Ca) 


ing nuclei, Vhey are not actively phagocytic. The cells of the second 
type are stellate in shape, and about half as broad as they are long, 
They ae characterized by their large, centially located, vesicular 
nuclei (they may have lwo nuctel) aud by the fact dat they are actively 
phagocytic, “They are known as the stellate cells ol Kiipller (Kupfer 
cells), Untike the other cells, they readily ingest pardiculaie matter 
which has been injected into the blood stream. Because of this, thei 
appearance varies with their activity. Normally the cytoplasm of these 
cells is homogencous an finely granular, or it may be filled with ingested 
particles, When these cells become engorged with patticulaie matter 
that they have ingested, they assume a tound form and are canied by 
the bload stream to the lungs where they are destroyed, Jn sections the 
cells may be seen stretching across the sinusoids, 

The distribution af uhe tymphatics in the liver is not well under. 
stood, 
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The nerves supplying the liver are mainly unmyelinated fibers 
from the autonomic system, They follow the extensions of the con- 
nective tissue of Glisson’s capsule and end in the walls of the blood 
vessels and ducts, It is possible, but doubtlul, chat some of these fibers 
end in relation to the hepatic cells, A few myelinated fibers, which are 
probably sensory in function, have heen twaced into the intevlobular 
connective tissue, 


THE GALL BLADDER 


The gall bladder is a pear-shaped sac which lies close to che anterior 
border of the liver,.on, its inferior surface. Lc functions as an adjunct 
to the liver, since it receives, concentrates. and stores bile which is 
conveyed to: it: by the ¢ystic duct, 

Its wall consists of. mucosa, a muscularis and an adventitial layer 
(adventitia) of loosely arranged connective tissue by which ir is attached 
to the surface of the liver, Phe mucosa is raised into a series of folds 
which are joined co one another by secondary folds. Both the primary 
and secondary folds are covered by extensions of the epithelium, When 
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a mucous membrane is folded in this manner, it forms what is known 
as an alveolar surface, The folds are arranged so that they enclose 
pocketlike recesses which, in sections, have the appearance of glandular 
structures, These recesses are continuations of the lumen of the gall 
bladder, A portion of the hepatic capsule is carried over the surface 
of the gall bladder which is not adjacent to the surface of the liver, 
and forms the serosal layer, 

The mucosa consists of an epithelium which rests on a subepithelial 
layer of clelicate connective tissue, which has been called a “tunic: 
propria” by some authors, However, there is no definite submucosa, 
the delicate collagenous and: elastic fibers of the subepithelial layer 
extend from ‘the epithelium. to the muscularis, for which reason: it 
should he mote properly designated asa stroma, The epithelium con- 
sists of (all columnar cells, which are not unlike those found in the 
lining. of the intestinal canal. Goblet cells have been described as 
occurting in the epithelium, and ic is also claimed: that the columnar 
_ Cells possess striated borders, Both of these observations have been 
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denied, Tlowever, it has been demonstrated, by the usc of aelectivg 
stains, that the epithelial cells produce a mucoid substanc ¢ whtich first 
appears in the lorm of small droplets, the droplets coalescing (o form 
a more or less homogencous mass of mucoid material with which the 
cells may be filled, The suggestion has heen made chit the stiated 
appearance at the Iree borders of the cells is due to the fine streams 
formed by this mucoid material as it passes fom the cell, This view 
is supported by the mucoid reaction of the striae when selective stains 
are used. It is probable that the substance produced by these cells is 
added to the bile giving it its mucoid consistency, TL is also possible chat 
the cells are active in removing the excess of water from the bile by 
absorption. Glands are not present in the wall of the gall bladder, but 
small glands of the tubuloacinar type are to be found close to its june: 
tion with the cystic duct. 

Small glandlike outpocketings of the epithelium are sometimes 
found extending through the stroma and niuscularis. They connect 
with the lumen ol the gall bladder and are known as Rokitnishy 
Aschoff sinuses, Their presence is thought to he due to abnormal cons 
ditions of the wall of the gall bladder allowing the mucosa to “rupture” 
through the muscular layer, Other epithelial lined spaces are found in 
the wall of the gall bladder (particularly on the side adjacent to the 
liver), These are blind tubules that have no opening into the lumen 
of the gall bladder and are thought to be remnants of fetal structures 
(biliary ducts), They are known as the true ducts of Luschha. 

The muscular layer, which consists of longitudinal, oblique, and 
cireular fibers, lies external to the stroma, The longitudinal fibers 
adjacent Lo the stroma foun a nore or less definite layer, The oblique 
and circular fibers are intermingled and do not form definite layers, 

The wall of the gall bladder is completed by a thin layer of closely 
interwoven connective tissue fibers which lies upon the muscular layer, 
External to this is a layer of loosely arranged fibrous tissue by whieh 
the gall bladder is attached to the surface of the liver, The surface 
which is not directed toward the liver is covered by a serous membrane, 
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The Respiratory System 


The respiratory system includes the fags and a number of con: 
necting passages leading from them to the exterior, "hese passages 
serve Lo direct air into the lungs where it is brought into relation with 
the blood for the exchange of oxygen and carbon dioxide, Listed in 
order from the lungs, these passages are: Pronchi, trachea, larynx, 
nasopharynx and the nasal fossae, 


NASAT, VOSSAL 


In passing into the respiratory tract the air enters through the nose 
(the mouth being closed in the ordinary method of breathing), The 
nasal chamber is divided into lateral halves (nasal cavities; nasal fossa) 
by the median nasal seption, a membranous partition supported: by 
bone and cartilage, Three curved processes called couchie project 
from the lateral walls of the lossac, Mach lateral cavity (fossa) presents 
three regions: a lower region, the vestibule; a middle or respiratory 
region; and an upper or olfactory vegion. ‘Vhe ist part, or vestibule, 
lies within the flare of the nose, Ts walls are lormed by the nasal wings 
(alae) which are supported by plates of cartilage, The vestibule extends 
for only a short clistance from the external openings of the nose (ares), 
It is lined by a relatively chick layer ol stratified squamous epithelium 
(the continuation of the epidermis of the skin), which gradually 
changes as it nears the middle of the vestibule toa stratified squamous 
minus the cornified layer of cells. Uhis in tan merges with the 
respiratory epithelium of the respiratory area. The epithelium resis 
on a stroma of areolar connective tissuc, from which a number of 
papillae exiend into its deeper surface, The outer part of the vestibule 
contains a number of coarse hairs (vibrissae) with which are associated 
schaceous and sweat glands, In the inner part of the vestibule these 
glands are replaced by muco-serous glands, 

The respiratory region is the most extensive of the three areas into 
which the nasal fossae are divided, It is lined by a mucous membrane 
(Schueiderian membrana) which covers (he surfaces of the inferior 
conchae, the greater part of the surfaces of the middle conchae, and 
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the corrésponding surlace ol the nasal septum. “Phe mucous membrane 
consisis of psendostiatified, ciliated epithelium which rests on a well- 
defined basement membrane, Beoween the basement membrane and 
the bone is a sirema ol aveolar tissue. Goblet cells ave present among 
the columnar epithelial cells where they Irequentdy occur in groups, 
which form: the lining of depressed. pitlike areas known as the verona 
crypts, Considerable sariition in the lav of the epitheliam may he 
expected, from simple columnar on the under surfaces of the conchae 





Mia, 108, Respiratory mucosa of the nose, ‘The duct 
on the left Ie Mned with ciated epithelbim. ‘The 
alveolar end piece of a mucous gland ts seen dn lower 
loft. Photomicrograph, (Courtesy, Praga: “Applied 
Physiology af Une Nose," St. Louis, Mo. Auuals Pub- 
lishing Go.) 


to pseudostratified cpitheliim on their upper surfaces, and even strati- 
fied squamous which appears when the pseudostratified epitheliuu: has 
been exposed to an intense or prolonged irritation, 

The collagonous and elastic fibers of the stroma are loosely inter: 
woven immediately beneath the epithelium, but are condensed toward 
the hone where they are merged, finally, with the periosteum. ‘The 
stroma varies in thickness in the various parts of the respiratory region. 
Tt is quite thick over the inferior coucha, but is considerably thinner 
over (he corresponding area of the median sepium. Numerous thins 
walled veins are found in the regions of the inferior and middle 
conchae and the nasal septum just opposite. These venous structures 
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are capable of being greatly distended and give the stroma an appear 
ance not unlike that ol erectile tissue, “Vissues in which this lorm of 
vascularization appears are sometimes referred to as false erectile tissue, 
and difler rom true erectile tissue in having vo muscle fibers in the con- 
nective Lissue trabeculae supporting the veins, ‘The mucous membrane 
ol the respiratory region is very vascular and this gives it a deep red 
color, When the vessels are filled with blood, the warmth of the 
membrane is increased and serves to warm the inhaled air, A number 
of mixed serous and mucous glands of the tubuloacinar type ave 
present in the stroma, ‘Their secretion serves to protect the epithelium 
{rom the drying action ol the air. 

The olfactory region is confined to the roof and the upper part ol 
the sides of the nasal fossae, On the lateral side it may extend down- 
ward as far as the upper surface of the middle concha, while on the 
median side its downward extent on the nasal septum may be a hall 
inch or less, Owtug to the presence of a pigment in its epithelial cells, 





Fic. 169 Citiated epitheltum of the vesplratory region of the nose. Photomicrograph. 
aa Procta: “Applied Physiology of the Nose,” St. Louis, Mo. Anuals Publishing 
20, 
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the olfactory region Gin be rccognivet giassly by is brownit: yellow 
colar, which contrasts sharply with the red ol the respiratory region. 
The olfactory mucous membiane consists of a pseudostuuilied epi- 
theliuu which, unlike the epithelium of the respiratory region, is not 
provided with a basement membume, Beneath the epithelium is a 
strome ol Joosely Imerwoven collagenous and elastic fibers which 
blends with the pertomeunn fir its cleep partion, 

Three kinds of cells are present in the olfactory epithelium: the 
supporting (sefentac ulay) cells, the sensory (alfactory) cells, and the 
basal calls. 

The sustentacular cells are the most numerous, Fach cell presents 
uo distinet areas: a tall, cylindvical, nonciliated superficial portion 
and a long, slender, lorked basal portion, The superficial portion 
contains gianules arranged in longitudinal rows and a yellow piginent 
which gives the epithelium its characteristic color. The tree surfaces 
of these cells are provided with cuticular borders or plates which are 
joined together by terminal bars. The nucleus is oval in outline and 
is located in approximately the middle of the cell, where it first ex. 
pands to form the superficial portion. The oval nuclei af these cells 
occupy the same plane and form a single row which is called the 
“zone of oval nuclei.’ The slender, basal portion is marked by inden- 
tations produced by the pressure of the vesicular portions of the olfac- 
tory cells, These forked processes extending from the base of the cell 
anastomease with similar processes (rom other cells and in the absence 
of a basement membrane they interlace with the fibers of the adjacent 
portions of the saoma, thus anchoring the epithelium to the underlying 
tissue, Between the basal processes are located the basal cells. Occasion- 
ally ciliated cells are scen among the olfactory cells and they represent 
areas of respiratory epithelium that have invaded the olfactory arca, 

The olfactory cells ave interspersed among the sustentacular cells, 
Structurally these cells are actually bipolar ganglion cells and aie 
first order neurons. The olfactory cells consist of an enlarged basal 
portion, the o/factory vesicle, in which the spherical nucleus is located, 
The nuclei of une olfactory cells are located at varying levels (below 
the oval nuclei of the sustentacular cells) and form an area known as 
the “zone af round nuclei.” A slender protoplasmic process extends 
from the vesicle to the surface of the epithelium where it ends in a 
auniber of hairlike processes, the olfactory hairs, which reach the sur 
lace by passing through pertorations in the cuticular plate. A delicate, 
fiberlike process extends Irom the vesicular, basal portion of the cell 
in che opposite direction, This joins with a number of similar proc 
asses from the other olfactory cells to Lorm the fidia of the ollactory 
verve, The bundles formed by these fibers pass through perlorations 
in the eribrilorm plate of the ethmoid bone and end in the ollactary 
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iG, 170, Regional differences in nasal epithelium, (A) Preturbinal region clore (a the 
anterior end. of the middle meauus. (8) Anterior third of the Inferior turbinate, (C) 
‘Transitional form of epithelium from posterior portion of anterloy uid ef the inferlor 
turbinate, (D) High columnar epithelium from the middle third of. the inferlor curbinate 
(type ‘common to most. stufaces of the common meatus). (8) Epithelium from middle 
meatus. (F):Entire thickness of the mucous membrane from the frontal sinus of the dog. 
(From Anderson Hilding,: Aveh. Ololaryng, XVL 1982, with permission of American 
Medical Association) 
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bulb, The olfactory cells may be regarded as bipolar ganglion cells 
located outside the nervous system. The enlarged, vesicular portion 
constitutes the cell body, The process which extends Crom the cell 
hody to the surface of the epithelium is the dendrite, while the long, 
slender, basal process is the axon, 

The third type of cell in the olfactory epithelium isa small, stellate. 
shaped cell located between the basal processes of the supporting cells. 
Their cytoplasm contains fine granules and may contain pigment 
granules, The nucleus is small, oval and deeply staining, They form 
the deepest. zone of nuclei. The protoplasmic branches of these cells 
anastomose with similar branches from other basal cells, and also with 
the basil processes of the supporting cells. This neavork of processes 
forms a supporting reticulum for the epithelium, dnough which the 
fibrous processes (axons) of the olfactory cells may pass. This reticulum 
takes the place of a basement membrane, 

The stroma consists of loosely interwoven collagenous and elastic 
fibers, which give support to numerous blood vessels and lymphatics. 
In addition, it contains a number of branched tubular glands (olfactory 
glands af Bowman) whase secretary partions consist of large pyramidal 
or columnar cells similar in appearance to serous cells. The excretary 
portion of the gland (the duct) is lined with a simple low cuboidal 
epithelium. These glands produce a serous secretion that serves to 
keep the surface of the epithelium moist and, ac the same time, aids 
in the reception of olfactory stimuli, The basal processes of the alfac- 
tory cells, which enter into the formation of the olfactory nerve, occupy 
a zone between the epithelium and the strama, The more loosely 
arranged portions of the stroma contain a number of scattered lym- 
phocytes, which occasionally form diffuse aggregations, especially in 

‘the part of the membrane that lies near the passage from the nasal 
fossae to the naso-pharynx. In those parts of the membrane where 
lymphoid tissue is most abundant, lymphocytes may be seen passing 
between the cells of the epithelium to its surface. 

A tubular invagination of the epithelium is sometimes to be found 
in the lower part of the nasal septum, This invagination, which extends 
backward and ends asa blind sac in che mucous membrane, is known 
as Jacobson's-organ, It is found in the lower. animals, especially those 
which possess a keen’ sense of smelt..Jt is present in the human fetus 
and early infant, ‘but only occasionally persists to adult life, The 
epithelium on the medial: wall of the invagination consists of cells 
similar to those: which Jine the respiratory region of the nasal fossa. 
Jacobson'sorgab is regarded as a rudimentary (vestigial) organ of 
alfactory sensation, This conception is supparted by the fact that where 
olfactory cells. are present, as in some of the lower animals, their basal 
processes join: the fibers of the olfactory nerve, 
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PARANASAL SINUSES, The bones snriounding the nasal cavidies 
contain a number ol spaces, the accessory nasal sinuses, They are 
known, according to the bones in which they are located, as the 
maxillary, frontal, sphenoid and ethmoid sinuses. These spaces, which 
are filled with air, communicate with the nasal Jossae. “The mucous 
membrane which lorms their lining is similar to that which forms 
the lining of the fassae, except that it is considerably thinner, Tt con. 
sists of a pseudostratified epithelinm, a thin basement membrane and 
an areolar stroma which blends with the periosteum, and in which 
a number of scattered lymphocytes are present. A few stall mucous 
glands occur in the maxillary sinus, 

THE LARYNX 

The larynx is a large irregularly shaped, cabular chamber located 
between the pharynx and the trachea, lt consists of a framework ol 
artilage bound together by elastic membranes and muscles. Te is Tinect 
by a mucous membrane which is continuous above with that lining 
the pharynx and below with the mucous membrane lining the trachea. 
‘The principal cartilages of the larynx are the (yrofd, the erfcold, and 
in addition, the small arylenoid, corniculate, and enneiform cartilages 
which are associated with the organs ol speech. 

The thyroid and cricoid cartilages consist of hyaline cartilage, while 
the cuneiform, the corniculate, and the vocal processes and tips of the 
arytenoid cartilages are of the clastic variety, The epiglottis is a broad, 
flaplike structure, located above the apening (aditus) into the larynx. 
This opening is closed when the larynx is drawn up and pressed tightly 
against the epiglottis. The cpiglottis is a membranous structure sup: 
ported by a fla(tened plate of elastic cartilage, Small nodules of fibrous 
cartilage are Irequeny, but not constantly, found in the ligaments 
associated with the larynx. 

The lateral walls of the larynx are provided with two horizontal 
folds, a pair on each side of their inner surface, These are the superior 
lolds (plicae ventriculares) or false vocal cords, and the inferior folds 
(plicae vocales) or true vocal cords, The expanded portion of the 
larynx above the superior folds is called the vestibule, Between the 
superior lolds and the inferiar folds are two lateral expansions or 
divebticula called the laryngeal ventricles, Sometimes these laryngeal 
ventricles may extend as narrow pouchlike prolongations to the upper 
borders of the thyroid cartilages and form what are known ag the 
ventricular recesses, The interval between the true vocal cords is quite 
narrow, but may be altered by the action of the arylenoid and vocalis 
muscles. Below the level of the true vocal cords the larynx is somewhat 
compressed, but within a very short distance increases in diameter 
and is continuous with the trachea at the level of the cricoid cartilage. 
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Hie, (7L "The haya aud cotta related strncines viewed (rom the left. The left Jamina 
of tha thyrold cin tilage has been removed and the laryngeal ventricle opened. All niiacles 
have been removed and the hyathy void membrane pardally caraway, (Courtesy, J. Parsons 
Schacfler, Kas “Mons Human Anatomy,” Philadelphia, The Bhikiston Compiny,) 


The pharyngeal surlace of the cpiglottis is covered by a mucous 
membrane which consists of a stratified squamous epithelium resting 
on a thin stroma of areolar connective tissue, As this membrane ex 
tends over the border of the epiglottis to its laryngeal surface, the 
epithelium changes to the respiratory (pseudostratified) type. ‘The 
pseudostratified epithelium is continued downward over the superior 
folds and forms the lining of the laryngeal ventricles, It is interrupted 
by a narrow stretch of stratified squamous epithelium as it passes over 
the borders of the true vocal cords, after which the pseuclostratilied 
type of epithelium again continues to form the lining of the remainder 
of the larynx and also of the trachea, 
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Fie, 172. Longtuudinal section hough the supedor and inferior Innyngenl folds (false 
tnd tre vocal cords). (Courtesy, Wohin, Davidoll and Huber: “Testehook of Tistology." 
Philadelphia, W. i Saunders Co) 


The columnar cells of the laryngeal epithelium are ciliated, the 
movement of the cilia being woward the outlet of the larynx, The deep 
surface of the stratified squamous epithelium, wherever it occurs in 
the larynx, is penetrated by papillae Irom the underlying connective 
tissue, The papillae are arranged so that they form parallel ridges 
where the epithelium passes over the vocal cords, 

There is considerable variation in the epithelium lining the larynx. 
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Tk may consist, throughout, of in waniodified pseudostiatilied epi. 
thelium with the exception of that which passes over the voail cords, 
or it may consist ab wees of preudostratified epithelium aliernating 
with areas of stratified syuunous epithelium, or it may be a stratified 
squamous epithelinn with none of the pserdosnatified tom appea ing 
except in the Inger duets of the glands associated with the faryny, 
However, this latter condition is rae. Vhe change fiom the psetuda- 
stratified colummit to the stifled squamous cype of epithelium is 
probably induced by a prolonged irritation of the membrane or excess 
neration of the membrane, 

The term, preudosuatifed, is usually applied two the epithelium 
which lines the upper part of the respiiatory passages, However, the 
depth of the epithelium in the larynx and trachea, and the number of 
cell layers which may he observed in the majority of cases, make it 

"difficult to believe that this is nota true stratified cohumnar epithelium, 

Except where it passes aver the vacal cards, the epithelium of the 
larynx rests ona Guica propria, which consists of delicate connective 
tissue fibers with a rich intermingling of elastic Ussue, Numerous 
lymphocytes are present in the region of the superior folds and in the 
tissue around the laryngeal ventricles, This lymphoid tissue often 
appears ia the form of nodules, 

External to the tunica propria is a layer of coarser collagenous 
fibers with an intermingling ol clastic fibers, Jorming the submucosa, 
This layer is quite thin on the laryngeal surlace ol the epiglottis and 
over the vocal cords. Ut attains its greatest thickness in the superior 
folds and about the laryngeal ventricles where it contains groups of 
mixed acrous and mucous glands of the cubuleacinar type. ‘These 
glands are numerous in the region of the false cords and absent or 
only occasionally found in the rue vocal cords, Lt also contains a nun 
ber of large, thin-walled blood vessels which are readily distended, 
giving the submucosa the appearance of erectile tissue, When these 
vessels are filled with bloocl, the temperature of the folds is raised and 
the inspired air becomes warmer as it passes over them. 

“The wue vocal cords are formed by a modilication of the mucous 
membrane which passes over the [ree borders of the cricothyroid mem- 
brane. The clastic fibers in the border of this menibrane are attached 
to the thyroid cartilage in front and to the vocal processes of the 
arytenoid cartilages behind, forming the ‘hyroarytenoid ligaments. 
The tension of these ligaments ig effected by the action of the fhyro- 
arylenoid muscles, The stwatified squamous epithelium which passes 
over the borders of the [olds is separated [rom the ligaments by a thin 
layer of densely compacted collagenous and clastic fibers. 

The blood supply of the larynx is through a number of large vessels 
which form a network in the submucosa, The branches arising from 
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this network bieak up into capillaries which pass to the glands and 
epithelium. 

Lympbatics are abundant in the submucosa, their principal vessels 
draining into the cervical lymph nodes, 

The nerve fibers which pass to the Jaryux are both myelinated and 
unmyelinated. The myelinated bbery are both sensory and motor, The 
sensory fibers end in sensory colpusctes and in tree thers located be- 
tween the cells of the epithelium. The motor fibers end in the layngeal 
muscles. The unmyelinated {thers are trom dhe adcouomic system and 
end in the walls of the blood vessels and ducts, 

TI PRACHEA 

The tachea begins at the uenor border of the ericoid cartilage 
and extends downward, for a lite more than four inches, to the upper 
pat ol the thorax where it divides into the right and left bronchi, 
the right bronchus going to the right lung ane the left bronchus to the 
left lung. Tt consists of a fuamewotk ol Geshaped cartilaginous plates 
which are jomed together by a dense connective tissue layer, ‘These 
cartilages ae incomplete posteriorly, the space between their free ends 
being occupied by fibrous and muscular tissue. The tbe thus lormed 
is lined by a mucous membrane, 

Glands aie found in the Qachea and ate of the tubuloacinar type 
The mucosa of the tachea consists of a pseudostratihed columnar 
ciliated epithelium which rests on a well-defined basement membrane. 
Four types of cells can be identified in the epithelium. The basal cells 
form the deepest row and rest on the basement membrane, Their nuclei 
are round or oval, with the long axis of the nuclei parallel to the base 
ment membrane. dalermediate cells lorm the second row, These cells 
are alten spindle-shaped duc to the pressure of surrounding cells, They 
may extend (he hull width of the epithelium, In ciliated columnar cells, 
the outer surface has a ciliated, cuuicular border, These cells extend the 
width of the epithelium and the portion of the cell in contact with 
the basement membrane is narrower than the end toward the lumen. 
The number of goblet cells is less in the trachea than in the bronchi. 
Another cell, the lymphocyte, is tound scattered throughout the epi- 
thelial layer, 

It is thoughe that the basal cell gives rise to the intermediate cell, 
which in turn may differentiate into cither ciliated columnar cells or 
goblet cells, Seldom are mitotic figures observed in the epithelium of 
either the rachea or bronchi. 

As in the latynx, the epithelium may alternate between pscudo- 
stratified columnar and stratthed squamous. When present, the strati- 
fied squamous is usually confined o the posterior part of the tracheal 
wall, In rare cases stratified squamous cpithelium may form the entire 
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Fic, 178, Section duough the nachea (iuman). (Pp) Suatified column epithelium. Cl p) 
Tania propila, Gm) submucosn (LQ Diacheal qucliyge, (Ad) Adyenditla, (Pm) Tiachealls 
muscle, (Gm) Mucueseaeding glinds. (Gd) Glandular duct, (3s) Blaod vessels 


lining of the trachea as far as fs bilurcation, When this occurs, pseuda- 
suatified epithelium is found inthe lining af the lage dacts, 

fxternal Lo the hasement membrane is a layer af reticular tissue, 
the tunica propria. Numerous lymphocytes are scattered throughout 
this layer with, here and there, difluse aggregations and small nodules 
of lymphoid tissuc, The tmica propria is richly supplicd with elastic 
fibers, Mlastic fibers also form a layer between the tunica propria and 
the submucosa which is the equivalent of the muscularis mucosac in the 
wall of the alimentary canal, 

The submucost consists of loosely arranged collagenous and clastic 
fibers located beuveen the mucosa and the wacheal cartilages. This 
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tissue becomes condensed about the stntaces of the cartilages and joins 
the perichondrium, The submucosa gives support to blood vessels ane 
lymphatics, In addition, it contains small groups of serous and mucous 
glands, some of which are so deeply placed that they lie in the lissuie 
between the tracheal cartilages, The ducts which conyey the secretions 
Irom these glands pass though the mucosa and open on the surlace 
of the epithelium, 


iA deineete. ‘| 
wo 
CM aa: sel Jag 79 


2 
7 








Vie, 174, Portion of the tachea (CG) "Tiacheal (hyas 
Ine) andlage. (MG) Mucous glands (Ph) Paeudostiat- 
ihed epithelium (stratified column). (AM) Subniucosn, 
{PP) ‘Lunica propria, The space hetween the cartilage 
and the submucosa is due to the shrinkage of the tissue 
In making the preparation, Photomiaogiuph 


These glands aie more numeious in the anterior portion of the 
tube than laterally and ave located in the submucosal layer. They are 
also Lound in the posterior wall, but hae they me in the submucosa 
and muscular layers, Moreover, some of them lic deep to the muscle 
layer. In a longitudinal section of the trachea the glands are scen to 
be grouped between the cartilage plates, 

The posterion wall of the trachea lies between the free ends of the 
tracheal cartilages, Its structure is similar to that of the other mem. 
branous portions of the trachea, consisting of a mucous membrane 
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and a submucosa, The catuthiginous plate which is delicient in this 
area iy replaced by the Gachealis muscle, 

In man, the hansensely directed bundles of smooth thiyde ave 
attiched to the perichondrium of the imer side of the Garilage wt shou 
distance hom the tip. Longitudinally directed bundles of smoodi mas 
cle are seldom seen incman, Between the muscle kayer aud dhe miteose 
is a dense layer of longitudinally directed elastic fibers, Owing ta the 
abundance of muscular ined elastic tissae inthis pordion of the tacheal 
wall, the mucous membrane is iaised into a vumber af longitudinal 
folds. 

The aacheal cartilages are enclosed and joined by a fibroelisric 
membrane which blends with their perichondrial layer and extends 
(rom the lower border of one cartilage to the uppet bercdet of the 
adjacent cartilage, 
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The lungs are large, saclike structures, light pink in color and 
having a soft, pliable texture, They are located in the pleural cavities 
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Fea, 076. Changes te taeheat eplutetiam. (A) Navan. showlig niicus-contuidig, 
goblet cells (cat). (3) After pilocmpine Injecdon (at). (G) Chronic Inonciitis (tami) 
showing minked macase In goblet cells, (D) Alter Invatiachen! Injections of 0184 pea 
cent formalin (cad) to show resulling Iugease in size and muimbet of goblet cells 0.) 
Snanger foumatin canges a repluement ef nounal epithelium by protective suattied 
squitmdus eplibelivm — (Reduawn and madifiecd fam Flutes, Carian. aud Welles hit J 
Exper, Path Cowdry: "A ‘Lextbook of [istology," coun tesy of Lea & Febiger,) 
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Fic. 176. Cross section of a bronchus 2 mm. in diameter, fram a ehild, (Courtesy, Bremer 
Weutherford; “Textbook of Histology." Philadelphia, ‘The Blikistan Conpany. 


of the thorax. ‘The trachea communicates with each lung by way of 
the right and left bronchi, Each lung is divided by deep fissures into 
lobes, the right lung having three lobes and the left lung two lobes, 
After entering the substance of the lings, the bronchi divide into 
secondary branches which pass into the lobes. ‘The bronchioles ave 
formed by the repeated divisions of these branches, which decrease in 
size with each division, and finally end in the thin-walled air-spaces 
where. the exchange of gases takes place beuween the inspired air and 
the blood, Owing to the treclike arrangement of the. primary bronchus 
and its subdivisions, the entire system of tubules is often referred to.as 
the bronchial tree. 

With the repeated divisions of the bronchial tree, certain modifica: 
tions take place i in all.of the layers of the walls of these tubular struc: 
tures, 

There seems to be much confusion concerning the exact points of 
division of segments of the bronchial tree and: the point ac which 
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Tig, 177, (Top) Section of the epithelium lining bronchus § mm, mM diameter, 500%. 
Qvon William Snow Miller: “The Lung? 2d ed. Courtesy of Charles CG ‘Thomas, 
Publisher, Spelngfeld, UL) = a : 
| da 178, (Bottom) Section at a bronehiole 0.35 nun, in diumeter, 
changed front: a cillaced column 

lors: "The Lung,” 8d ed, Courtesy 


er. The epithelium Ins 
fo a clilated cuboidal type. (From William Snow 


of Charlea G “Vhouns, Publisher, Springfield, UL) 
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certain definite changes occu in the walls of these structures. Th the 
present discussion the classification will be based on the findings of 
W. S. Miller, 

As the bronchi enter the substance of the lung they divide to form 
secondary bronchi. ‘Lhese in turn branch and the uluimiate SuCCOssiOn 
of divisions may be listed as lollows: secondary bronchi, bronchioles, 
terminal bronchioles, respiratary bronchioles, alveolar duets, atria, 
alveolar sacs, alvcoli. 

The epithelium gradually changes as it extends throughout the 
bronchial tree. From a pseudostititied columnar epithelinn, the cells 
giadually assume a simple coltmnar anangement and then the height 
ol the cell decreases wii) it he- 
comes cuboidal and finally squa- 
mous, Goblet cells decrease in 
number and finally cisappear, 
and the ciliated cells lose their 
cilia, 

In bronchioles having a dian 
eter of foam, the thi¢kness ol 
the epithelial layer decreases. 
There isan increase in the nun 
her ol ciliated cells accompanied 
by a decrease in the nimber ol 


Tie 179 Longitudinal section of at tien hi oA . : . 
chivle 0.35 jah in diameter On the goblet cells, which become quite 


vight aie a few ciliated cuboidal cella fa Saree and finally clisappear in 
the deft they have given way to a bronchioles of Oa man, (these 


bonclinted cuboidal epithelium. (Ever me the terminal bronchioles), 


William Snow Millen Lhe Lung.” 2d ed pos ; : yi . 
Conmtesy of Ghatles G "Thomas. Publisher Che basal cells ave sill present, 


Springheld, 11) The height of the epithelial cells 
gradually decreases and in bron 
chioles ol 0,3--0.4 nm. the cells become cuboidal, sul, however, retain 
ing their cilia, The basal cells become extiemely scaice and the 
basement membrane is reduced to a very thin layer, In the respiratory 
Inonchiole, the ciliated cuboidal cell has disappeared and is replaced 
by a nonciliated cuboidal type of epithelium which extends through 
out the respiratory bronchiole In the alveolar ducts this cuboidal 
epithelium gradually flattens to the squamous type of epithelium 
(espiratory epithelium) which lines the pulmonary alveoli. 

The C-shaped cartilages of the achea and bronchi are transformed 
into cartilaginous plates in bronchioles having a diameter of 6 mui. 
Several of these cartilaginous plates encircle the wall of the bronchioles, 
Tn bronchioles having diameters of 0.6~-0.7 miu. (terminal bronchioles) 
the cartilage entirely disappears, 

In the secondary bronchioles and theit branches the circular layer 
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of muscle hay Increased unlit completely cneicles the bronchiole 
inside the cartilage, Moreover, (here ty a relative ticiease in quantity 
of muscle (in relation to the diameter af the tubes dtaut the branch 
oles to the alveolar ducts, At the distil end of the alveola ducts the 
enatlar muscle layer lorms a sphincter mise and tenuis, 

From the above discussion u can be seo that the grestest changes 
occur priot to the tenuinal bronchioles, Chese bronchioles are lined 
by cuboidal, ciliated epithelium bur contain no goblet cells, uo glands 
and no cudiige. At the distal end of the terminal bronchioles the 
purely conducting system at ducts also terminates, 

Beginning with the resphatory ducts, alveoli are present along the 
walls of these ducts, Che atria afid the alveolar sacs; and these structures 
assume a respiratory function, Fach respiratory bronchiole, which is 
both conducting and respiratory in function, terminates in an alveoln 
duct, which is the first segment of the primary lobule (structural unit) 
of the lung. A primary lobule may thus be defined as consisting ol 
the alveolar duct, atria, alveolar sacs and alveoli, along with the vessels 
and nerves which accompany thent. 

Attention should be called to the fact chat there are uwo types of 
alveoli presente tn the lungs: those which open into the respiratory 
bronchioles and alveolar ducts, both of which structures have muscular 
fibers in their walls, and those that open into the atria and alveolar 
sacs, whose walls are devoid af muscle fibers, Overdistention of the 
alveali of the first type is prevented by the sphincter action of tte 
muscles guauding thei entrance, Tn the second type where no muscles 
are present the alveoll ae covered by a network af clastic fihers which 
prevent overdistention, These elastic fibers ave circularly arranged at 
(he funetions between the alveolar ducts and atrium; atrium and 
alveolar sacs: and aly cola sacs and alveoli. ' 

The respiratory bronchioles may brauch one or two times before 
they terminate in the several alveolar ducts. Each alveolar duct, in 
Hin, opens into several more or less spherical spaces called atria, which 
communicaue with several irregularly shaped chambers, the alveolin 
sacs, Opening all along the walls of the alveolar sacs and atria are small 
spaces known as alveoli, Alycoli also open into the alveolar ducts, and 
a few into the respiratory bronchioles, from the presence of which 
these bronchioles derive their name. 

The Jack of uniformity in desevibing the subdivisions of the pulmonary stu 
anes is probably cue to differences in the compleyity of the arrangement Thus, 
the alveaka ducts may be connected with a termi bronchiole by a single vespita 
tory bronchiole, On the other haved, two ar more orders ol respiratory bron tioles 
may intervene beuveen the terminal binuchinles and the alveolar dues Gorse 
quently, almost any description of these subdivisions must lack precision, In gen 
eral, however, the faregoing description presents the main teatuves of ue snbdivi 
sions of the pulinouary sauctures, 
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of the bronchial tree, the pulmonary artery and vein, the lymphatics, and the lymphoid 

tisste, (A) Atria. (1H) Respir bronchiole. (ALY) Pulntouary ali, (ALVA) 

Alveoli serttered along the respiratory brouchiolus and iveolny ducts, (AL) Alveolir 

sacs. (P) Pulmonary plea. (1) Pulmonary artery with ifs branches. (2) Branches of 

pulmonary artery which are distributed. tothe respiratory bronchioles and alveolur ducts 

and then form cupilhirtes which join capitlivies from the bronchlarartery. (3) Pulmonary 

veln with its tributaries indicated at.6, 9,10, and Crom the capillary network at the distil 

end of a radicle of the pulmonary artery. (4) Lymphatics (arrows imlicnte: direction -of | 
lymph flow), (6) Bronchial “artery: and terminal capillary: uelwark whet utter with 

capillaries derived from the pulmonary artery. (8) Bronchial artery contributing to the 
formation of the capillary network within the pleitra, () A wadiele of pleural vein arising 

from the capillaries inthe pleura, derived from the bronchi artery. | (7,-8.9, 10) Where 

lymphoid Ussne is found, (éxom William Snow Miller: “The Lung,” 2d ed, Courtesy of 

Charles G ‘Thomas, Publisher, Springticld, UL) 
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Lie 181, Tilmonary tsi, (AD) Alveolar clicts. (Al) Alveoll, (As) Air (alveoli) ses, 
(B. Art) Bronchial ivtery, (Br) Heonehiele, (BP. Art) Patinanary artery. Photontlerograph, 


PunmMonary ALVEOLI 


The walls of the pulmonary alveoli ave dominated by the capillaries 
Which farmi dense plexuses around then, Supporting these capilluries 
and representing the remaining constituents of the walls are fine clastic 
fibers and a Tew collagenous tihers. Reticular fibers are also present 
and form a very fine delicate membrane just beneath the epithelium. 
This form of structure allows for the expansion and contraction of 
the alveoli during-the act of breathing. In the connective tissue of the 
walls of the alveoli there ‘are a few connective. tissue cells, especially 

certain types of wandering cells (macrophages) which are known as 
seplal cells, 

There is considerable difference of: opinion concerning the mor- 
phology of the structural elements lining the pulmonary alveoli. One 
group denies the existence of any epithelial layer lining the air cells, 
Incthis case. the underlying connective tissue elements alone are chought 
to separate the capillaries from: the alveolar air, On the other hand, 
a second, gtoup supports the idea that the pulmonary alveoli are lined 
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Fic, 182, Three sections from a series which show on thelr upper side the epithelium 
slightly raised from the surface of the alveolar walt by the exudate bebind it, 500 xX. 
(From William Snow Miller: "The Lung," 2d ec. Courtesy of Charles C ‘Thomis, 
Publisher, Springfield, TL) 
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Fig. 188, (Top) Alveolar sac cut off from tts atrium and showing the arrangement of 
the olasuc fibers, Note the enclveting band of clastic fibors at tts fmction with the atrhon 
and the network of fibers which enclose the sacculus, Semidiugranmatic, (Boltant) Net 
work of clasile fibers surrounding and enclosing an alveolus, 
by.an epithelium, but disagree among themselves as to the exact nature 
of these epithelial elements, Some advance the idea that these air-spaces 
ave Lined by a peculiar type of epithelial element, namely, flattened, 
non-nucleated protoplasmic plates among which are scattered smaller, 
thicker cells containing nuclei. It is thought that when some of the 
epithelial plates are lost, they ave replaced by the thicker cells flatten- 
ing out ancl losing their nuclei, The other group believes that the 


. alveoli ave lined by an epithelial layer in which all che cells are nucle. 








ated. W. S. Miller répresents this: group and -he has presented conclu. 
sive evidence, based partly on the study of edematous alveolar tissue, 
hac there is present inthe alveoli a distinct epithelial leyer in which 
thé cells are nucleated. He describes this layer as being made up of 
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“thin, flattened, nucleated squames” which foun a continuous epi- 
thelial lining. 

Tage celly resembling macophages we alten found lying in the alveoli, They 
ate beheved to be detived from the septal cells of dhe alveolar wall, On account of 
their bemg filled with particles of dust they ae kuown as dit cel. Te lis been 
Suggested thal, alter collecting the paudes ol dust which have been deposited in 
the alveoli, these cells convey then to the lymph nedes in the hiluin of the lung. in 
which they are imally stored. Sunil cells have been found mn cenidn conditions of 
hemt dcase to be filled with hemosuderin, and are known as heat faaline cell, 
When the pulmonary tistics of persons working ina heavily dist laden atmos: 
phere become fled with pattictes of dust, Che candition is known us ataacoves, 


Tio Parura 


‘Lhe pleura is a two layered serous membiane, The visceral layer 
is tightly adherent to the entire sutlace ol cach lung and at the root 
ol the lung is reflected onto the walls of the pleural cavity as the 
parietal layer. Phe plewa consists of a lining of flattened mesothelial 
cells supported by a thin stoma of delicate connective cissue in which 
may be found a lew scattered bundles of smooth uiuscle, “Lhis cssie 
is continuous with the connective Cisse benveen the lobules ol the 
Jungs and contains bload vessels, lymphatics and nerves. 

BLOOD SUPPLY, ‘The blood supply of the lungs is received from 
two sources, both of which gain entbance by way of the lung root 
The pulmonary a@teries carry venous blood that is to have its oxygen 
supply renewed, and the bronchial arteries which convey wterial blood 
cary nutritive materials and oxygen trom the systemic circulation to 
the lung tissues. The pulmonary and bronchial veins retain the blood 
to the heart 

On entering the roat of the Ling, the pulmonary vessels branch 
repeatedly with the branching of the bronchial tee and follow these 
structures into the primary lobule AC the beginning of the alveolar 
ducts these small vessels break up into the capillary networks which 
ace found in the alveolar walls. These capillaries unite ta form the 
pulmonary veins which lie, at fist, close to the surfaces of the lobules, 
their branches enteung (he interlobuar connective tissue, in which 
they unite to form the lager veins, These veins follow the course of 
the pulmonary arteries and interlobulay bronchioles and tinally emerge 
at the hilum as the pulmonary veins. 

The bronchial arteries arise directly from the avrta or some of its 
branches, They accompany the divisions of the bronchioles as lar as 
the terminal portions ol the respiratory bronchioles, These vessels and 
their branches are located in the walls ol the bronchi and bronchioles, 
the tissues of which they supply. The teuminal brouchial capillaries 
which are formed in (he region of the respiratory bronchioles do not 
extend into the primary lobule, but anastomose with the pulmonary 
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capillaries which continue throughout the primary lobule. Phas a part 
ol the blood brought into the lung by way of the bronchial arty is 
retuned by way of the pulmonary veins, the remainder is returned 
through the bronchial veins. : 

LYMPHATIC SUPPLY, ‘Che lymphatic vessels of the Lungs are 
arranged in two sets: superlicial and deep, ‘Vhe superficial lymphatics 
hegin as a capillary network which is located in the pleura, They re- 
ceive afferent vessels from the deep lymphatics which are lound 
throughout the lung substance, The deep lymphaties begin as capil. 
Jaries about the pulmonary alveoli, ‘Phese capillaries unite to lorm 
larger vessels which follow the course of the bronchial tree, Near the 
hilum of the lung, the vessels of the superhicial plexus (raining the 
pleura) and the deep lymphatics (raining the substance of the lung) 
aANASLoOMose. 

NERVE SUPPLY. ‘Phe nerve supply is by both syoipathetic and 
vagal parasympathetic fibers, Ganglion cells of the sympathetic are 
located in the cervical and upper three thoracic ganglit, From these 
ganglia, fibers pass to the musculature of the walls ob the blood vessels 
and air passages, Stimulation of the sympathetic libers produces bron- 
chodilatation, The parasympathetic ganglion cells are lound ins the 
tracheal and pulmonary ganglia, From these ganglia, fibers pass to 
the trachea and bronchial tree where they end in relation to the mus 
culaune of these structures, Stimulation of the parasyuipathetic fibers 
causes bronchoconstriction. Myelinated fibers, which are probably sen: 
sory, end as fine naked fibrils iu the tunica propria and between the 
epithelial cells of the bronchioles. These vagal afferents are important 
in regulation of rate and depth of respiration, ‘Che question of whether 
nerve fibers are present in the alveoli is still unsettled. So far at least 
they have not been satisfactorily demonstrated, 
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The Urinary System 


The wintry systent includes the structures which are concerned 
with the excretion of the urine and its climination [rom the body, 
Vhey are: the kidneys, the meters, the bladder, and the urethra, 

“THE KIDNEYS 

Vhe kidneys are paired compound tubular glands located one on 
cither side ol the vertebral column in the back part of the upper 
abdominal cavity, behind the peritoneum, Kach kidney is a flattened, 
bean-shaped structure about 4.5 inches (41.5 cm.) in length, 22.5 
inches (5.6 cm.) in breadth, and about 1.5 tuches (3.7 cm.) in thickness, 
‘The lateral border ol cach kidney is convex; the medial border is 
notched to lorm a stitike opening, the Aiden, through which vessels 
and nerves enter and leave the organ. The hilum leads into a wide 
space surrounded by the substance of the kidney, the renal sinus, in 
which the upper, expanded end of the ureter, the renal pelvis, is 
located. Besides the renal pelvis, with its terminal divisions or calyces, 
the sinus also contains branches of the renal arteries and veins, lym- 
phatic vessels, Jat and Joose connective tissue, and nerves, Into it project 
the repal papillae. 

TEU GORTEX, The parenchyma of the kidney is divided into 
cortex and medulla. he cortex forms the peripheral portion of the 
kidney and lies between the medulla and the capsule, At intervals, 
portions of (he cortex, known as the renal columus of Bertini, are 
prolonged downward through the entire width of the medulla. The 
uriniferous tubules are arranged in columas which extend from the 
medulla into the cortex, giving this portion of the cortex a striated 
appearance. Chese tubular columns are known as the medullary rays 
(cortical rays; processes of Ferrein) and the portion of the cortex which 
is occupied by the medullary rays is known as the pars radiata. Between 
the medullary rays the cortex has an irregular appearance due to the 
twisted conrse followed by the tubules of which ils substance is com- 
posed, This part of the cortex is known as the pars convoluta (cortical 
labyrinth), “Che nunierous small, reddish, granulelike bodies, which 
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Lie 18h, Cortes of the Kidney showing a glomerulus and io iehiion to the convoluid 
tubules. Phatomicogiaph 


are to be seen m the convoluted portion of the cartes, ate known as 
the renal (Malpighian) corpuscles 

TITE MFDULLA. "The medulla consists of a number of pyramidal 
structures, the renal (Malpighian) pyramids, of which there may be 
hom cight to fifteen in a single kiduey, bach pyramid presents a base 
and an apex, The hase is ditected peripherally and tes in contact 
with the cortex, while the apex or the renal papilla extends inta the 
sinus, Occasionally the base of a pyramid may present a lobulated 
appearance, which indicates that Wwo or more of the original lobules 
of the kidney have been united in a single structure, When the sec 
tioned. surface of a pyramid is examined with a magnifier, it presents 
a striated appearance due to the presence of a large number of tabular 
structures, the uriniferous dubules, of which the medullary substance 
is mainly composed. 

RENAL PFLVIS. The venal pelvis is divided into two or three 
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prolongations, the major calyces, which ave subdn ded into a number 
of cup-shaped extensions, the mira calyces ‘Vheve ae Usually about 
three major calyces which divide to form six to eight minor ctlyces, 
The renal papillae project into the calyces, the borders of which lose 
about the external sulaces of the papillae. As a rule, a single papilla 
projects into a calys; however, it is not unnsual co find a single calyx 
containing two. or even three papillae. ‘Che comective tissue stu round 
ing the wall of the renal pelvis contains che bload vessels and nerves 
which pass though the sinus to the substance of the kidney, 


Tn some of the lower mimals, such as the gues pig, the kidney consists of a 
single pyramid smionnded by a peripheral laver of cortical material. \ StU 
of this kind is regia ded as constituting a single renal labule, Phe human kidney is 
acombination ol a number of such lobules, each of which is represented by a 
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Mo. 188, Pangenuiat section of the cates of a human Kidney, 200 X — (Schilfer) "1c 
pais radiata is scan in the lower left concer. the Tine trem “otpsule of the glumenulus 
passes between two distal convaluted tubules, (Courtesy, emer Weatherford. "Lextbook 
Of Mistology," Philadelphia, ‘Ite Blakiston Company ) 
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medullary pytamid. In the fetal kidney this anangement is quite apparent, the 
lobules being well-defined by septa of connecuve tisue, which extend inward 
heuveen them from the capsule. \s development progresses, the qubstince of the 
kidney enooaches on the connective tissue which ultimately sappens, dhe lobulas 
lion al the kidacy being apparent only by the presence ol the pyranaids oud the 
wrangement of the blood vewels, Occasionally, however, the primitive lobulittion 
of the kidney may persist in the adult stracuae, 


RENAL GORPUSCLE, The Malpighian or renal coypuscle is a 
more or tess spherical structure lound in grett muimbers (estimations 
vary from 1-4.5 million in each kidney) in the convoluted portion of 
the cortex. The size of the corpuscles varies somewhat but the average 
diameter in man is nearly 200 miaons, A renal corpuscle consists ol 
two parts: a capsular part (Bowman's capsule) and avascular part 
which consists of a tuft of capillaries, the glomerulus, Kach renal cor 
pusele has a vascular pole, where the glomerular vessels enter and 
leave, and nearly opposite it is the ‘urinary pole where the capsule is 
continued into the neck of the uriniferous tubule. The glomerular 
capsule consists of an inner visceral portion and an outer parictal 
portion. The visceral layer is composed of a layer al very flattened 
epithelial cells which are so intimately applied to the glomerulus that 
itis practically impossible to distinguish the capsular cells (rom the 
endothelial cells lining the capillary tufts, This epithelium completely 
covers the glomerulus and at the vascular pole it is reflected back on 
itself as the parictal layer, It is relatively casy to make out the cells 
forming the parictal layer. They are flattened Jike the cells of the 
visceral layer, but as the urinary pole is approached these cells become 
thicker and gradually assume a low columnar shape as they become 
continuous with the cells lining the neck portion of the uriniferous 
tubule, The epithelial cells lining the capsule rest on a thin, clear, 
homogencous basement membrane, Between the visceral and the pari- 
etal layer isa space which is continuous with the lumen of the proximal 
convoluted tubule, 

The blood vessels forming the glomerulus consist of a number of 
distinct. and separate vascular loops. Blood is brought to the glomerulus 
by the afferent artery which enters the renal corpuscle at its vascular 
pole, This vessel breaks up into a number of capillary-like vessels 
which lie within the visceral layer of the capsile and form the glo« 
merulus, After winding about ina series of distinct and separate loops, 
these capillaries unite to form the efferent artery through which the 
blood leaves the glomerulus. The efferent artery also leaves the glo- 
merulus at the vascular pole, The efferent artery is smaller than the 
ferent artery, a condition which aids in increasing the pressure of 
the blood in the capillary loops, The blood which enters the capillary 
loops ol a glomerulus retains its arterial properties and leaves the 


TH KIDNEYS ge9 





Fig. 186, “Lransverse section Unough the medullt of a himan kidugy. Photomiaogtaph. 

Via. (87. Portion of a glomenutis (ighly magnified) showlng the cipsule of Bowinan, 
and a proximal convoluted tubule, (Note the brush borders on these cells.) Photomice 
giaph, 
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Fo, 188, A lligramimace repre sentttion of a van) corpuade di which dhe wanber of 
capillay loops is reduced tor clare: lusoation. (var MolendontL) (Courtesy, Bremer 
Weatherford: “Lestbook of Histology,” Philadelphia, The Blakiaston Compiny ) 


glomerular aca as arterial blood, Therclore, a glomerulus should not 
be regarded as a set of capillaries, but as small arterial vessels, ‘The 
blood which has passed through the glomerulus docs not become 
venous until it has accomplished its exchange ol gases in uhe capillaries 
which wind about the tubules, Structurally the afferent and efferent 
atteries resembte arterioles, Near the glomerulus, however, (he wall 
of the afferent vessel contains a specialized myoepithelial cell which 
cither overlays the circular layer of muscle or may ieplace it, These 
cells have homogencous pale staining cytoplasm. As the allerent vessel 
enters the glomerulus these cells form a band mound the vessel known 
as the juxtaglomerular apparatus. Ts function is unknown but it has 
been suggested that these eclls may produce an endocrine secretion 
effecting constriction of the vessel wills. 

URINIFEROUS TUBULES, ‘The urinifcrous tubules form the 
major part of the parenchyina of the kidney, They are surrounded and 
supported by small quantities of interstitial connective tissue in which 
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uu blood vessels, lymph vessels and nerves. ‘two types of tubules are 
recognized: the secrevory or terminal hubudes which produce the urine, 
and the collecting trbules which carry it vo the ureter. The terminal 
tubules begin in the expanded portion made up of a cipillay cult 
with its enclasing capsule, Kuown as the read or Alalpighian cor pusele, 
From the corpascle che terminal cubes rina tortieus Course to heir 
termination with the collecting tubules. These tevminal tubules ave 
made up of a number of successive segments, cach of which occupies 
a delinite position in relation to the renal corpuscle and has tts own 
panticntar type of epithelial cell lining it, The tubules ol each segment 
differ in length and diameter (rom those in other segments, These 
sceretory tubules represent botlt the structural and physiological unit 
of the kidney and are known as the vephron. Named in order, the 
successive segments of a nephron are: the renal corpuscle, ptoximal 
convoluted tubule, descending timb of Ienle’s loap, loop of Tents, 
and ascending Minb of Henle's loop, and the distal convaluted tubule, 
The excretory portion of the tubules follows next and the segments 
ave: dhe arched uibule and (he collecting tubules, Atccution should be 
called to the lact that the secreting tubules realy are not “glandular” 
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in Lunction, since they fail to synthesize any urinary constituent, the 
elements of which are not already present in the blood saean, 

Secrerory Portion or URrinirenous Tosul rk. ‘Phe active ar se. 
cretory part of the uriniferous tubule begins with the renal corpusele 
and ends with the distal convoluted tubule, At the pote where the 
capsule of the renal corpuscle is continued into the proximal con- 
voluted tubule there is a constricted portion called the neck. ‘Phe 
proximal convoluted tubules occupy the greater part of the pitts con: 
voluta of the cortex, They ire the widest (10 60 mictonsy as well as 
the longest part of the nephron, A proximal convoluted tubule begins 
at the neck, by which i€ is joined to the capsule and lollowing a some 
what twisted couse, describes a loop toward the periphery of the 
cortex, Returning to the point near the corpusce Lan which it started, 
it enters the nearest medullary ray in which it passes downward toward 
the pyramid, 

The epithelium of the proximal tubules consists of large, pyramidal 
cells which rest on a clear, homogeneous basement membrane, ‘Phe 
boundaries of these cells are not apparent in ordinary sections. The 
cells of this segment are diflicult to sce clearly, “Chey ave readily affected 
by post-mortem changes and by the physiological activity of the organ. 
Tn silver nitrate preparations they are scen to have deeply serrated, 
interdigitating borders. During periods of rest the cells are Gill and 
encroach on the lumen, which is narrow and iregular, Alter a period 
ol active secretion the cells are lower and the lumen wider, The 
spherical nuclei are located toward the basal portions ol the cells, 
which present a striated appearance due to che presence of rows of 
granules, Mitochondria are also present and are arranged in the forn 
of rows extending from the basal portion of the cell for a variable 
distance into the cytoplasm, During diuresis the rodlike mitochondria 
become granular in appearance. A Golgi apparatus may also be present, 
The free borders of the epithelial cells in (he proximal tubules have 
a finely striated appearance, This is due to the presence of delicate, 
protoplasmic filaments which, under ordinary magnifications give the 
cells the appearance of being ciliated, and which are collectively known 
asa brush border, The brush border has been described as a cuticular 
plate, pierced by numerons, minute channels through which proto 
plasmic processes extend toward the surface. These cells cegencrate 
rapidly after death has occurred (aitfolysis) so that, in the majority ol 
preparations, the brush border has been destroyed. When the epithelial 
lissue is only mildly autolyzed, the substance beuveen the filamentous 
processes is destroyed, he processes, however, remain and have the 
appearance of cilia, No other cells in the kidney have a brush border, 

‘The proximal tubule extends downward for some distance in the 
snedullary ray, then by an abrupt change in its diameter and in the 
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character ol its epithelinni ite becomes the desceuding Huth of Heule’s 
loop. The descending Jimb continues into the pyramid where it bends 
sharply on itself and sveturns to che convoluted portion of the cortex as 
the ascending Uinth, 

Ilenle’s loop consists of a thin segment and a thick segment. The 
thin segment, which is the narrewest part of the nephron, has a 
diameter of 12-15 microns, Ts epitheliam consists of fattened cells 
with large oval nuclel which, because of their size, cause a considerable 
bulging of the cellular cytoplasm, The cytoplasm al these cells is clear 
and any attempt to demonstrate protoplasmic granules or granules 
of mitachondria have failed. ‘Phe thin segments are frequently mis 
taken far capillaries, although the cells which form their epithelium 
ave considerably Uhicker than the endothelial cells of the capillary wal's, 
The diameter of the thick segment is about twice that of the thin seg 
ment; the change from ute thin to the thick segment takes place 
abruptly, usually in the descending limb, although it may not oceur 
until alter the turn of the loop has heen passed, in which case a cou 
siderable portion of the thin segment is included in the ascending 
Jimb. The epithelium of the thick segment consists of cuboidal cells 
with round, centrally located nuclei, Between the nucleus and the 
lunien, the cytoplasm is clear and there is no brush border. ‘The basal 
area ol the cells appears striated due to the vertically arranged rows of 
granules. During diuresis no change occurs in the appearance of the 
cells, Granular mitochondria are found in the cytoplasm toward the 
Ire surkices of the cells, A Golgi apparatus may also be present, 

The distance to which the loop of Henle descends in the medulla 
depends on the position of dhe renal corpusele, (rom which it takes its 
origin tu the cortex. When the corpusele lies close to the medulla, the 
loop extends deeply into the pyramid and may even reach the papilla, 
Loops which arise from corpuscles in the more peripheral portions 
of the cortex are likely to clescend into the medulla for only a short 
distance. Occasionally a loop may be so short that it fails to reach 
the medulla, In returning to the convoluted portion of the cortex, the 
ascending fim of Henle’s loop comes into relation with that part of 
ius corpusele which receives the afferent artery. Tt then bends around 
the corpuscle and ends in the distal convolited tubule, 

“The distal convoluted tubule pursues a less tortuous course, [ts 
coils lie, for the most part, within the loop formed by the proximal 
tubule. Its epithelium consists of cells which are, at first, cuboidal, but 
they gradually increase in height until they have attained a columna 
or pyramidal form, Except for the change in height, these cells ave 
similar in appearance to the cells lining the thick segment of Henle's 
loop. Basal striations are present but are not as clearly defined as in 
the cells of the proximal tubules. The cells of the clistal tubules cla 
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not possess a brush border, Since the epitielium is lower in the distal 
tubules than in the proximal uubules, the lumen is relatively wide. 

Excrwrory Portion oF Urinirrrous ‘Tunucrs, ‘The conveying or 
excretory portion begins with the arched tubule and includes the 
collecting tubules and papillary ducts. “The arched or juuctional tubule 
lies in the convoluted pottion of the cortex and is continuous with 
the straight collecting tubule. Tt is somewhat smaller than the lisa 
convoluted tubule and is lined’by an epitheliim: consisting of cuboidal 
cells which have a clear cytoplasm and spherical, deeply staining 
nuclei, [joins with a number ol similar tubules to form the first and 
smallest of the collecting tubules (oaight collecting febules), 

The straight collecting tubules begin in the medullary rays, where 
the larger are formed by the union of the smaller tubules, ‘Phis: is 
repeated several times unt) the tubules which pass from the medullary 
rays into the pylamids have increased considerably in size, but have 
been vecluced in number. 

The tubules which are scen in sections ol the medulla are arranged 
in groups, cach group including those which have been formed in a 
single medullary ray. Mingling with the groups of collecting tubules, 
are sections ol the descending and ascending limbs of Henle’s loaps, 
The epithelium Hning the smaller tubules consists of cuboidal cells 
which enclose a wide, definitely outlined lumen and possess a clear 
cytoplasm and deeply staining, spherical nuclei, With the increase 
in the diameter of the tubules there is an inerease in the height of the 
cells which form their epithelium, until, in the Jarger tubules, they 
ave definitely columnar, 

By the repeated unions of the collecting tubules, a single, large 
papillary duct (duct of Bellini) is formed. A single papilla contains 
from 10-20 papillary ducts which open into a calyx through aper 
tures known as the papillary foramina, On the apes of the papilla, the 
area in which the papillary foramina are located is called the area 
cribosa, The papillary ducts ave the largest of the tubules and have a 
diameter of 200 microns or more, Their epithelium, which consists 
of columnar cells, passes through the foramina and is continuous with 
the modified transitional epithelitun covering the external surface of 
the papilla. 

A small amount of interstitial connective tissue is present between 
the (rbules and serves to bind them together, There is less interstitial 
lissue between the tubules in the cortex than in the medulla, Tt is more 
abundant in the renal papilla, between the ducts of Bellini, than 
elsewhere in the kidney, 

BLOOD SUPPLY. Blood passes to the kidney through the renal 
artery, which is a branch of the aorta, The artery breaks up in the 
renal sinus into a number of branches which pass as the iderlobor 
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arteries, between the cordial coltunns and the medulla. Belove leaving 
the sinus these vessels give Off a nuamber of twigs which supply the wall 
of the renal pelvis and the capsular connective tissue, On reaching the 
line of separation between the inedulla and cortes, the interlobar 
vessels take a ship unin. passing over the bases of the pyramids in 
the inconiplere sepue of connective cisshe which He beaveen the 
pyramids and the cortex, “Vhese vessels are known as the arcuale, ov 
arcifarm arteries. Branches rom ‘the arctuue aterics extend perpen: 
dicularly through the cortex and end in a network of capillaries just 
beneath the capsule. Phese branches are known as the falerlobula 
arteries, Some of the ferminal branches of the interlobular arteries 
continue into the capsule where they anastomose with the capsular 
branches of the renal artery. The interlobular arteries give off lateral 
branches which become the afferent arteries (oasa afferentia) of the 
glomeruli, After passing through the vascular loops ol the glomeruli, 
the blood leaves the capsule through the smaller efferent arferi¢n 
(oase efferendia), which form rich capillary networks about the aibales 
in the pus convoluta of the cortex, Some ol the branches from the 
efferent arteries also supply the tubules in the medullary rays. Uhe 
medulla is supplied by vessels which arise as branches of the efferent 
artevics (possibly trom the afferent arteries as well) of those capsules 
which lic nearest the border of the medullary area. These vessels piss 
directly dowuward into the medulla and are known as the arleriar 
reelad, ‘Vhey end in capillaries which form networks about the medul- 
lary tubules. 

Alter coursing through the capillaries, which are farmed by the 
end branches ot the renal vessels, the blood enters the veins. In the 
periphery of che cortex, several of these veins converge upan a series 
of common trunks forming radial, or starlike, arrangements, ‘Mhese 
converging vessels are known as the stellate veins of Verheyens. ‘Vhe 
wunks formed by the convergence ol the stellate veins pass downward 
in the cortex as the inderlobular veins, and alter recetving numerous 
lateral branches in their course, they join the arcuate veins, Following 
the course of (he arcuate arteries, the arcuate veins became the dader- 
lobar veins and reach the renal sinus where they unite to form the 
renal vein, which leaves the kidney in company with the renal artery 
and the ureter at the hilum, The arcuate veins receive branches which 
arise in the cortex, as well as veins (vende reclae) which pass upwards 
in the pyramids, to return the blood from the capillaries about the 
medullary urbules. 

LYMPHATIC SUPPLY, The kidney is well supplied with lym- 
phatics, The principal (deep) lymphatics arise from capillary neuvorks 
about the convoluted tubules, These vessels unite in branches which 
follow the course of the arterics and veins to the sinus where they join 
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the lymph trunks leaving the kidney at the hilum, A secondary Guper 
ficial) group consists of lymph vessels in the capsule, which jein the 
extrarenal lymphatics, 

NERVE SUPPLY, The nerve supply of the kidney is principally 
by unmyelinated fibers hom the cocliae plexus which is a part of the 
autonomic system, The nerves follow the course of the blood vessels 
to the renal corpuscles and then pass to the convoluted tubules where 
sone of the fibers end on the basement membiane, Other fibers pene 
(rate the membrane and appear to end in relation to the cells ob the 
epithelium, Unmyelinated fibers also end in the walls of the blood 
vessels, Myelinated fibers, probably sensory, can be raced to the walls 
of the renal pelvis and also appear to end in the capsular connective 
lissuc 

‘THE URETIFR 

After it has been excreted by the kidney, the mine is conveyed to 
the bladder by a long, nanow tube, the weer. The wieter begins as 
the renal pelvis with its subdivisions, the major and minor calyces, 
Shortly after leaving the hilum of the kidney it narrows to form a 
tubelike structwe which continues to its junction with the bladder, 

The general stiucture of the ureter is the sume in all its parts, 
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tie (90, Section though a weter (aman). (L) Lumen, (Ep) Transitlonal eplthellum. 
(Sct) Sub-epithellal connective tissue (stroma), (Lm) Tuner layer of longitudinal muscles, 
(Mel) Middle cheutu muscle layer. (Olm) Outer Inyer of tougituelinal musctes (Adv) Ad 
ventitla. (By) Blood vessels. 
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Its wall consists of three liyets or Coates @ aicons cond, a nitescuda 
coat, and a fibrous coal or adventitia, 

The mucous coal consists of an epithelium and a layer of sub- 
epithelial connective Ussue, or stoma, “Phe epithelin, which is the 
stratified form: conunantly Kuown as “tansitional,” is ave or dhice layers 
ol cells in depth where it lies on the stataces of che papillie and tnes 
the calyces. Ht is tom te Nix colllayers in depth where it tines the 
renal pelvis and the upper part of the meter, and has a depth of six 
tocight, or more, coll Layers dn its lower hall, On tansitional epuhelinm, 
the cells of the basal row are cuboidal or low columnar, Those of the 
intumediate tows we polyhedral, while chase of the surlace layet 
are cubardal, but become flattened when the walls af the weter are 
distended, [he deep surlaces of the superficial cells are indented to 
receive the rounded portions of the pear-shaped cells of the subjacent 
row. The connective tissite, or stroma, on which the epithelnme rests 
(a basement membrane is not visible), consists of delicate collagenous 
fibers with which a few elastic fibers are intermingled, Whe tissue is 
loosely arringed, and in places assumes a reticular form with many 
lymphocytes present, Lymphoid tisstie may be in the form ot sinall 
nodules, paruicularly in the region of the calyces. No tue glandular 
structures are present, although there are certain clowngrowths of the 
epithelium which are regarded as vestigial glands, although they do 
not, ab a Ue, possess lumina, 

The museudar cagé consists of smooth muscle fibers arranged as an 
inner longitudinal and au outer circular layet. In the lower hall of 
the ureter a third layer, in which the fibers are longitudinally ot 
obliquely directed, lies external to the circular layer, The longitudinal 
and circular layers are well developed in the renal pelvis, The circular 
fibers are strengthened where the calyces are arranged about the 
papillae, forming a sphincterlike arrangement, In the upper half ol 
the ureter, the inner longitudinal muscles are in scattered bundles 
while in the lower halt the longitudinal muscles form a more definite 
layer, All three layers of he ureter extend into the wall of the bladder 
where they become more or less interwoven. 

The adventitia isa layer of fbroelastic tissuc which forms the outer 
coat of the wall of the ureter, Close to the muscular coat, the fibers 
ave condensed ta fawn a firm investment for the uveter, extemal to 
which the adventitia gradually merges in the loose areolar tissue with 
which the tube is surrounded and by which it is attached to adjacent 
structures. Ag the ureter penetrates the wall of the bladder, the 
adventitia Corns a firm outer covering, separating it from the tissues 
of the bladder wall by which it is surrounded. 

BLOQD AND LYMPHATIG SUPPLY. The blood supply is trom 
a series of vessels which penetrate the wall of the ureter and forn 
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capillary networks about the muscle bundles and in the mucous coat in 
which these capillary networks are especially developed immediately 
beneath the epithelium, 

The lymphatics arise principally in the region of the muscular 
tissues, although a few lymphatic vessels ave present in the mucous 
coat and in the adventitia. The vessels which these lymphatics form, 
drain into small, adjacent lymph nodes. 

NERVE SUPPLY. ‘The nerves consist of unmyelinated fibers from 
the autonomic system, which pass (o the muscle bundles and to the 
walls of the blood vessels and myelinated fibers, probably sensory, that 
end in the tunica propria and between the cells of the epithelium, 





Fie. 19L. Partial section of tangential cut through a ureter, Photomicrograph, 
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THE BLADDER 


The bladder is a darge, mustndar sac whieh rerenes the mine and 
retains it until itis eliminated from dhe body, (consists af a rounded 
portion, the frardus; the Lady, which constitutes the greater partion al 
the organ: and a chickence, triangular area, the bigane. ‘The hase 
of the uigone is beaveen the ureters as they enter the bladder, the 
apex being at its urethral outlet, Structinally, the walls of the fundus 
and bady are the siune, Due toa marker! incretse in its museahur coat, 
the wall of the tigoue is considerably thicker. 

The wall of the bladder includes: a aoicous coat, a stroma, a 
maseulay coat and an adventitia, 

The mucous coal cousists of a layer of wansitional epicheliunr ad 
a subepithelial layer of delicate veticular tissue containing many 
lymphocytes. No definite hasement membrane is present in connection 
with the epithelium of either the bladder or ureter, When the bladder 
wall is strongly contracted, the epithelium appears (o be several cell 
layers in depth, the form and arrangement of the cells being the same 
as in the epithelium of the ureter, When the bladder wall is distended, 
the cells become thin and flattened consisting of only two or Unrec 
cell layers. (Cis claimed (hat when che wall al the bladder is distended, 
the epithelial cells ave not only stretched and flattened, but that they 
also slip over one another, a condition made possible by the solt, 
yielding character af the intercellular cement, 

The stroma, upon which the epithelium of the bladder rests, con 
sists of two parts. “Phe part which lies immediately beneath the cpi- 
thelinm consists af delicate fibers arranged in the form ol a reticulum. 
Klastic fibers ave scattered throughout this layer and lymphocytes, 
oceasionitly aggregated in the form. of sinall nadules, are also present, 
This part of the subepithelial tissue, which is conmmonty  relerrect (o 
as the tunica propria, gradually merges into the second part which 
consists of coarser fibers and is known as the submticosa, A submucosa 
is not present in the trigone, the muscular coat lying directly in contact 
with the mucosa, 

True glandular structtres are not present in the fundus or body 
of the bladder, Pocketlike downgrowths of the epithelium, occur and 
May, or May Nat, possess a lumen, When a lumen is present, iC is usually 
filled with a substance called collaid, These structures, which are 
regarded as vestigial glands, are somewhat larger in the trigone and 
about the urethral opening, where they give rise to a number ol 
branebed tubular structures lined by a columnar epithelium, and are 
thought to indicate a former attachment of the prostate to this potion 
of the bladder, 

The muscular coat is relatively ubick, consisting of btndles ol 
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Fie. 192, Secuon though the fundus of the wlnary bhedder of ma adult man, 4X 
(Courtesy, Bremet-Weatherlord: “Lexthook of Tistology,” Philadelphia, ‘The Blakiston 
Conipany.} 


smooth muscle hbers arranged nan inner longitudinal layer, a middle 
circular layer aud an external layer in which the fibers are also lougi- 
tudinally diected. ‘Che bundles which fonm the iuner layer ae more 
or less scattered, being separated by the fibers of the submucosa which 
extend between them, ‘The circular layer is the most suonply developed 
of the three, while the outer layer is quite thin and is poouly developed, 
except in the uigone. ‘Che three layers encroach more ov less on one 
another and, theielore, ave difficult to distinguish in sections. 

The adventitia is a layer ol loosely ananged areolar tissue. Tt 
blends with the connective tissue of the peritoneum which extends 
over Ue wall of the bladder and forms a serous coat on its upper and 
lateral surfaces, On the remaining suaface iC isa part of the connective 
ussue by which the bladder is altached to the pelvic wall. 

BLOOD AND LYMPHATIC SUPPLY, The blood supply of the 
bladder is similar to that ol the ureter, The principal vessels lorm a 
network in the connective tissue covering its surface, The branches 
ol this network penetrate the wall of the bladder and form a capillary 
plexus about the muscle bundles and in the tunica propria immediately 
beneath the epithelium, 

The lymphatics originate as capillaries in the muscular layers and 
form vessels which drain into the nearest lymph nodes, 
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ate THE URIN TRY SESTEM 

NERVE SUPPLY. The neve supply is by unmyelinated tibers, 
which end in relation to small groups of ganglion cells in the trbrans 
tissue, The processes from these cells extend to the musctlar layers on 
end in the walls of blood vessels, Myclinated fibers end in relation to 
ganglion cells in the stroma, or as {ree fibers between the cells ol 
the epithelium, 


THE URMPURA 


Beeause of the stucttnal and functional relation of the male urediva 
to the organs of reproduction, and ol the structural velagion of the 
female urethra to the vagina, they will be discussed tn connection 
with those o1gans, 
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The Ductless Glands 


Phe duciless or endooine glands differ Jrom the exocrine glands in 
Hol possessing, a system al ducts for the removal of their secretion, 
rather the substances they produce pass directly from the cells to the 
blood stream. Vhe substauces produced by the ductless glands are 
called hormones, Vhey affect the metabolism and growth of the body 
through cheir influence on the functional activity of its organs, 

‘The principal cductless glands are: the islands of Langerhans in the 
pancreas, the dhyroid, parathyroid, hypophysis and adrenal. tn addi- 
tion, the follicles and corpora hitea of the ovary, the interstitial cells 
of the testis and the chorionic cells af the placenta produce imporuant 
hormones, tt is believed that the paraganglia are related to the adrenal 
medulla, Gertain other structures such as the pineal, carotid and 
coccygeal bodies commonly are discussed under Ute heading of endo 
cringe glinds, but their function as such is questionable. 

The ductless glands vary in their structural form and in the nature 
of the substances they produce, The epithelioid cells may be ananged 
in cords and masses in close relation to thin-walled capillary sinusoids, 
as in the islands of Langerhans or parathyroid; dhey may be in the 
form of follicles as in the thyroid gland and the intermediate lobe ol 
the hypophysis; or they may appear as groups of cells which are 
apparently unrelated to the structures in which they occnr, as he 
interstitial cells of the ovaries and (estes, 


THE ISLANDS OF LANGERHANS 
For the discussion of the islands of Langerhans, see page 286, 
THE THYROID GLAND 
The thyroid originates from epithelioid cells which form a tubular 
downgiowth trom the anterior portion of the pharynx, This tubular 
structtive develops lateral extensions which come into contact with 
the ventral wings of the fourth branchial pouch. Although some 


observers claim that the latter form the lateral lobes al the thyroid, 
the evidence lor this is not entirely satisfactory, As development 
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progresses, the tubular downgiowth (dyvoglossad due’) becomes oblit 
erated. Its position in relation to the tongue is indicated by a pittike 
depression, the foramen caecum, just behind the apex ol the Veshaped 
row of ciieunivallate papillac. Small masses of thyroid tissue, called 
accessory thyroids, occasionally accur along the course of the obliterated 
duct. 

The epithelioid cells ol the thyroid ave lust arranged as cords, 
which develop anastomosing bianches and form a network, the meshes 
of which are (led with connective tissue and numerous blood capil- 
laries, As the development of the thyroid progresses, the epithelial 
cords are broken up into segments, cach segment enlarging and acquit 
ing a lumen, thus becoming one of the follicular structures of the 
gland, 

Grossly the thyroid gland is seen to be roughly U-shaped and 
consists of two laterally placed lobes connected by a narrow strip called 
the isthmus, A median lobe may be present and it arises from the 
superior margin of the isthmus or (rom one of the lateral lobes, The 
deep cervical fascia of the neck splits to enclose che gland in a donse 
connective issue sheath, Beneath this is another connective tissue layer 
which represents the real capsule of the gland. [t consists of a thin, 
translucent layer of connective tissue from which delicate septa extend 
into the substance of the gland, dividing it into primary and secondary 
lobules, Each primary lobule consists of a number of lollicles grouped 
together and separated fiom other similar groups by thin partitions ol 
connective tissue, The size of the thyroid gland is extremely variable. 
The appearance of the follicles composing the gland also cliffers under 
certain conditions, The most marked changes in the gland oceur in 
response to differences in iodine content of food. Sex, age, seasons and 
temperature also affect it. 

The follicles which are the structural units of the thyroid gland 
vary considerably both in shape and size, some being microscopic in 
size and almost round, others elongated and cylindrical. 

The follicular wall consists of a single row of cells. These vary in 
height from low cuboidal or even squamous to tall columnar, depend- 
ing on the activity of the [ollicle, When the follicle is distended with 
colloid the cells are thin and flatuened; however, when the cells are 
very active and storage of colloid is minimal, they appear tall colum- 
nar. In the normal thyroid wheie production, storage and release of 
hormone are in equilibrium, the cells usually are cuboidal and have 
a granular cytoplasm with small, round, vesicular nuclei, They possess 


both mitochondria and a Golgi apparatus which varies in appearance, 


with the activity of the cells, These cells do not rest on a basement 
membrane, but are in immediate contact with the capillaries and 
interstitial tissue, The follicular cells are functionally bipolar, that 
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Fe, 198. Thyroid ginnd showing the follicles containing colloid and {nterfatliculuy cell 
masses, Photomicrograph. 


is, they ave capable of secreting from either end of the cell, into the 
follicle or divecuy into the capillaries by way of the basal end of the 
cell, 

From experimental evidence and observations on cellular coustit« 
uents such as mitochoudria, Golgi apparatus, fat droplets and vacuoles, 
which are associated with secretory functions of the cells, the general 
opinion is that the secretion from the follicular epithelium passes 
jrom the apex of the cell into the follicle where it is stored until it is 
needed. Under conditions of excessive stimulation the secretion is 
thought to pass fromthe basal portion of the cell directly into the 
blood stream without passing through a storage phase. 

A second type of cell is occasionally found among the Sollicula 
cells, These cells are called the colloid cells of Langendorf and are 
characterized by deeply staining, sometimes pyenotic nuclei and a 
darker cytoplasm which may be filled with colloid. ‘They are un- 
doubtedly degenerating epithelial clements. 

The lollicles are filled normally with a homogencous, acidephilic 
substance, called colloid, in which fat droplets, small globules of 
mucus, detached epithelial cells and a Tew leucocytes may be present. 
In sections, the colloid has the appearance’ of heing detached trom the 
follicular wall, a condition due to shrinkage. It may also contain 
vacuoles, but whether these are spaces originally filled with fluid, o 
artifacts, is not clear, Colloid is an fodinecontaining substance which 
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represents the secretory product of the gland and coptiins the hormone 
thyroxin held ina loose chemical union, 

The follicles tinction asa storage place for the colloid, By injection 
of anterior pituitay hormone the follicles can he induced to excrete 
this stored colloid ina remarkedly short time, The mechanism whereby 
either the storage or the exciction of colloid is brought about is 
unknown, Excretion is thought to take plice by way ol the follicular 
cells themselves and not through any intercellular channels, tt is 
probable that the colloid which is present in the lollictes represents a 
reserve supply. Tf the follicular cells secrete the colloid ia greater 
quantity than is required by the body, the excess is stored ino the 
follicles, under normal circumstances. In cases where production. is 
normal or excessive and storage is absent or minimal a condition of 
hyperthyroidism occurs, 

The intertollicular spaces are occupied by a loose arrangement of 
collagenous and clastic bers, the interstitial connective tissue, which 
gives support to numerous blood vessels and lymphatics, “Che blood 
vessels end in capillary uetworks which are closely applied to the walls 
of the follicles, Small masses of epithelial cells, called interfollioular 
cells, are present in the interstidal connective tissne and represent 
groups of undifferentiated thyroid cells, They represent rests of fetal 





hie, 194, Section through thyroid showing fattened cells linkyg follictes, colloid, ancl sev- 
eral vacuoles at the periphery of the folllde, Photomtcrogiaph. 
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cells which would noriaily degenenae Potentially, they have the 
capacity, under the proper stimulus, to develop inte active thyroid 
tissuic. Small clusters af lilluse lymphocytes accu chrantghoat the fates 
stitial Uissue, Under certain abnormal conditions this lymphoid: cissue 
may become hypertoplic and become organized into lymph glands 
which may encroach an the thyroid tissue to the extent ol destioying it 

The thyroid receives its blood supply chrough biaiches ob the 
superior and interior thyroid arteries, which cnet in deuse capillary 
networks about the follicles, 

The lymphatics begin as capillaries about the follicular walls and 
form lymph vessels. which break up into a series af plexuses in the 
capsule, the lymph imally passing lrom the gland to the cervical nodes. 

The netves to the thyroid are unmyelinated post-ganglionic fibers 
whose cell boclies lic in the cervical ganglia, The cell bodies of the 
preganglionic bers are locatedt in the card at (he upper (horacic level, 
The nerve fibers pass to the walls of the blood vessels and follicles. 

In mammals, the thyroid gland will undergo rapid regeneration 
when only partially removed. However, the degree to which it will 
regenerate depends ou many factors, the mast important being the 
amount of thyroid tissue destroyed and the availability of iodine con- 
taining substances, focine can retarcd or prevent regencration since it 
must fall below 1.0 mg. per gram before the remaining lollicular cells 
will undergo compensatory activity. 

The funetion of the thyraid gland is the maintenance of a suitable 
rate of metabolism in the body. This is accomplished by its hormone, 
thyroxin, Either hypo: or hyper-finetion of the gland is almost immedi- 
ately reflected in changes tu the physiologic well-being of the individual 
and in disturbances in other endocrine glands. 


THE PARATHYROIDS 


The parathyroids are small, reddish, slightly fattened, oval bodies 
about the size of a pea, which commonly ave located ou the posterior 
surfaces of the lateral lobes of the thyroid gland, ‘They usually occur in 
pairs, a supertor and an hiferior parathyroid being attached to each 
lobe, However, this is not constant since tivo, three, or even four 
parathyroids may be attached to one lobe, while only one, or none at 
all, is present on the ather, "The parathyroids avise from diverticular 
of the third and fourth pharyngeal pouches. 

There is some variation in the manner in which the parathyroids 
are atlachdd to the lobes of the thyroid, the inferior parathyroids vary- 
ing more frequently in this respect than the superior, Usually they are 
more or less completely buried in the substance of the Jobe hut sepa- 
rated from it by its (rue capsule, Sometimes, however, they are located 
on the surface of the Jobe under cover of the fascial capsule, but above 
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the true capsule, Occasionally a parathyroid may be atuiched to the 
lobe by a slender stalk or pecunele of Gbrous tissue. and (hey have 
also been lownd more definitely in relation to the thymus thin to the 
thyroid. 

Although closely associated with the thyroid by position, the pare 
thyroids ae structurally and functionally separate organs, They are 
invested by a chin capsule of connective tissue in which a few muscle 
fibers may be present, Fach parathyroid is incompletely divided into 
lobules hy very thin connective tissue sepla which extend fom the 
capsule into the gland. 

The parenchyma of the parathyroid consists al closely massed 
epithelioid cells, which are ananged in cords and small masses border: 
ing on thin-walled capillary sinusoids. Two types of epithelioid cells 
may be recognized: chief cells, which are subdivided into chief cells 
and small dark chief cells, and avyphil cell, These three diflerent 
cells ave not generally regarded as cistinct cell types, but rather, as 
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luc, 198. Thyroid and puathyrold pice 200 X. (Courtesy, Snell: “Wology of the 
Lahortay Mouse,” Philidelphia, The Blakiston Conipany.) 
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functional stages of Ube situie cell in which dhe small dark chief cells 
represent the intermediate faim. The chiel cells are the most mime aus 
of the cells and up to the eleventh year ol Hile, when the oxyphil celt 
appears, are the only cells present in the gland 

Chie] Gell. Lhese cells are staal, polyhedial in shape and have a 
colorless, clear, Nongianular cytoplasm. “The nuclei are round or oval, 
relatively large and: vesicular. 

Small Dark Ghief Gells. These cells appen to be a wansitional type 
between the chict cell anc the oxyphil cells. The cytoplasm is filled 
with family staining granules that are extremely fine. The nucleus is 
smaller and the chromatin more compact than in the chief cells, 

Ovyphil Cells, These cells appear in glands at about the eleventh 
year, They are larger than the chief cells and may occur singly or in 
masses, “Chey are easily recognized by the large amount of acidophilic. 
granular cytoplasm they possess, "he nuclei are relatively small, round 
and stain deeply. 

All three cells have mitochondria and a Golgi apparatus. The cyto- 
plasm of the chief cells contains more glycogen than is found in che 
oxyphil cells, 

"Lhe cell cords and masses lic close to the sinusoids, a condition 
which provides for the direct transfer of the secretory product of the 
cells to the blood stream. As age aclvances, some of the cellular aggre: 
gations may develop into follicles in which a small amount ol colloid 
may be present, Unlike that of the thyroid, the colloid of the parathy: 
roids does not contain focine, The parathyroids differ from the thyroid 
also, in that they show practically no capacity for regeneration. 

The parathyroicls receive their blood supply by special branches 
Jrom the inJerior thyroid artery, These branches communicate directly 
with the sinusoids between the cell cords. 

Lymphaties are probably present but are not well understood, 

The nerves are unmyelinated fibers which end in the walls of the 
blood vessels and, probably, in the cell aggregations. 

The parathyroid glands ave essential for life. Their most important 
function is the maintenance of the calcium and phosphorus. levels 
af the bload. 

THE ADRENAL 

The cortex and medulla of the adrenal arise separately in the 
embryo, The cortex originates In close association, with the gonads 
and their ducts; the medulla being derived from cells which are related 
lo the adjacent sympathetic ganglia, The chromaffin cells, which are 
characteristic of the medulla of the adtenal, are gland cells which are 
associated with the cells of the sympathetic ganglia in a number of 
localities in the body where they are known as paraganglia, The cortex 
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HG. 190. ‘The adhenal (am sketch by Pant White) 


and the medulla are separate stiuctines, which have become so inti- 
mately associated in the human adult that they have the appearance 
of being a single organ. [n the lower vertehiates the (wo parts of the 
adrenal persist as separate stractines throughout life, 

The adrenals are small glandular bodies located on une superior 
poles of the kidneys, Their length varies from 3 to G mm; their breadih 
being sometimes more, and sometimes less, than half of their length. 
Their shape has been likened to that of a cocked hat. Although they 
aie closely associated with the kidneys by position, they are neither 
stiucturally, nor functionally, related to those organs. Fach adrenal 
consists of Lwo parts, a cortex and a medulla, In the Sresh condition, 
these arcas can he readily recognized when the organ is sectioned, the 
cortex having a yellowish color due to the presence of fatty substances 
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in its tissues, Ube medulla hava a broth color on acconnt of the 
amount ol bload which 1 contains, 

The thickness of the medulla varies somewhat tn diilerent adienals 
Tuamay be so thin that the reticular aed of oue side is almost in contact 
with that of the other, the medullay portion ol the gland consisting of 
a thin sheet ol connective tissue in which the central vessels are located 

fhe cones is considerably thick than the medulla and its cells 
are aniged in cords separated: hy deticate extensions of connective 
ussue hom the capsle, mi which are lucated the mtercolummar arteues 
The cell cords do not test on a basement membine but ae closely 
applied to the endothelial walls of the blood vessels which Lie between 
them. Lhe cortex is divided into Uniee cones, according to the aange- 
ment of the cells in the voids: the zona glomerulosa, the zona fase 
lata, and the zona reticularis, 

‘Phe gona glomenultosa is located close to the periphery al the cortex, 
The cells of dais zone are columnar in shape with a pale staining baso- 
phil cytoplasm in which area few sniall droplets of fat, Thea nuclei 
are small, deeply staining and tound, ‘Lhe cells are arranged in round 
or ovoid masses, but do not enclose a lumen. 

‘The vona tnscicutara consists of cuboidal cells arranged in long, 
parallel colamas, Li some areas the cells have a slight racial artange- 
ment, Phe columns are usually uwo cells in width. The nuclei ae 
lager and more vesicitlar than in the glomerular zone, avo nuclei 
occasionally being present in one cell, Che cells of the lascicular zone 
we characterized by lage amounts of lpicl present im their cyloplasi 
in the foun of small dioplets, These droplets are dissolved by the re 
agents cmployed in preparing the section lor mictoscopic study, which 
gives the cyloplasm a spongy appearance, the cells being kuown ay 
spongiocyles, The zona lasciculata comprises the greater part ol the 
COLOR, 

The zona reticularis is that portion of the cortex which lies nearest 
to the medulla, Le consists of a network of cellular cords formed 5 
the dividing and aunastomosiug branches al the imner cuds al the 
lascicudar columns. “Phe cells which form the cords of the reticular 
one vary in appearance, those which are nearest the Lascicular cone ae 
lighter in color and contain fat droplets, However, the majority ol 
these cells are filled with pigment, which gives them a dark appearance. 
Light colored cells containing fat droplets may be seen here and there 
among the pigmented cells, Between the cords of the reticular zone, 
the meshes are occupied by thin-walled blood spaces whose endothelial 
lning is closely applied to the cells of the cords, 

The medulla occupics a narrow area between the opposing layers 
of the cortex, It varies considerably in thickness on account ol the 
difference in the amount of cellular material which it may contain, y, 
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[us cells we arranged in masses and cards which lorm an irregular net 
work, Owing to the shrinkage which results from the methods em- 
ployed in the preparation of the section, these cells often assume a 
stellate Cou. ‘They ave characterized by their large vesicular miclei and 
by the presence of fine granules in the cytoplasm which have a charac: 
teristic reaction to the salts ol chromic¢ acid, which gives the cells a 
yellowish or brownish color, The medullary cells are called “chro- 
matlin cells” because they show this response, 

Blood passes to the adrenals in vessels which pierce their capsules 
ata number of points, These vessels divide into a number of small 
branches which extend into the cortex and lorm capillary networks 
about the cords, Some ol these arteries continue through the cortex 
to the medulla and end in capillary networks about the medullary 
cords, The capillaries give rise (o veins which unite to form. larger 
vessels which end finally ina large, central vein in the medulla, through 
which the blood leaves the adrenal, 

Lymph. vessels arise from capillaries about the zona glomerulosa 
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and also in the medulla, “Those of the glomerular aca join the lym. 
phatics in the capsule; those which hive thei origin in the medulla 
emerge as efferent vessels trom the hilton. The lymph diainage is into 
adjacent lymph nacdes, 

‘Che nerves to the adrenal we mainty fom the autovomic system. 
They join in forming it plexus in the capsule, brow which the fibers 
lollow the arteries berween the cords, to end in the walls of the blood 
vessels and in selacion with groups al cells particularly in the com 
reticularis. ‘Phe nerves to the medulla are preganglionic fibers and ave 
disuibuted in such a manner that one or more ene in clawlike termina- 
tions around cach cell, The medullary cells take the place of ganglion 
cells and postganglionic fbers, completing a pathway which is quite 
unique, 

Small bodics having a characteristic surtucuiure of the adrenal, occur 
in various parts of the body, They present the structure of the cortex 
and not ol the medulla and are known as accessory adrenals, One such 
body, which occurs constantly in the broad Ugament of the uterus, is 
known as Marchand’'s argant. 

Functionally the medullary and cortical portions of the adrenal 
are separate, as are their origins, The cortex of the adrenal is essential 
to lile, but the medullary tissue can be destroyed and death does not 
lollow, 

Numerous steroidal substances have bean extracted from the 
adrenal cortex, These include substances such as corticosterone and 
desoxycorticasterone, which so far as is known are produced no where 
else in the body; various substances which display mate or female 
hormone activity; and many other chemicals whose activity and im 
portance is less well understood. Ghemically these substances show 
rather distinct relationships, but their physiological activity may be 
quite distinct. Corticosterone is importantly involved in certain aspects 
of carbohydrate metabolism, parvicularly in the breakdown of protein 
to form sugar, Desoxycorticosterone, ou the other band, plays an im: 
portant role in the regulation of salt and water metabolsm, Under 
abnormal conditions the production ol these hormones may he deficient 
or excessive. In either case disastrous consequences may occur untess 
steps are taken to correct the aberrant activity, Excessive production 
of male ox Jemale sex hormone by the adrenal may occur in either sex, 
but the most common expression of such aberrant function is scen in 
girls or women, In such instances, male sex hormones are produced 
to an excessive degree and the unforumate individuals undergo such 
masculine changes as the development of facial and body hair, loss of 
scalp hair, deepening of the voice, and increased muscular strength, 

The medulla of the adrenal produces the hormone adrenalin, This 
substance is said to be “sympathomimetic” since it produces the same 
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effects as those which are observed following stintaation of the syne 
thetic nervous system. In general, it causes contraction of smooth 
muscle; exceptions are the muscle of tlie stammtelt, titestine wall, 
urinary bladder and bronchioles. Tis action on the musculature of the 
bronchioles, causes them to relax, aud because of chis it is used int the 
treatment of asthina, It is also effective in the release of glycogen stored 
in che liver and elevates the rate of metuholic activity, Its effect upon 
the circulatory system is variable, the blaad vessels of the mucous men. 
branes, skin and splanchnic viscera (except the intestinal vessels) show. 
ing constriction when physiological amounts are injected while those 
of che lungs, heart, brain aud intestine are diluted, Che leare rate and 
cardiac output are increased in man, 
THE PARAGANGLIA 

The paraganglia, sonietimes referred to as the organs of Zucher- 
handl, are sinall structures which arise in relation to the cells of the 
sympathetic ganglia in various parts of the boty. They are also known 
as the chromaffin bodies, because of the characteristic reaction of their 
cells to the salts of chromic acid (see chromallin cells, p. 352), Althongh 
the chromaflin cells of the paraganglia have the same origin and stain- 
ing reaction as the cells in the medulla ef the adrenal there is no 
direct evidence that they secrete the same substance , (adrenalin; 
epinephrine). 
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Fic. 198, Median section througl:-the hypophysls of a forty-five year ol man, (2) Pars 
tuberalis, (D) Pars distalis.. (kK) Gapsule, (8) Stk. (41) Pars Intermedia, (N) Pi 
nervosa. (After Schiifer) (Courtesy, Maximow and Boom: “Textbook of istelogy,’ 
Philadelphia, W. B. Saunders Go,) ; 
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Via, 100, Para ctletalis of Ure hypapliysts of a pig. (ec) Alpha cell. (b) Beta cells. (c) Chromo: 


phobo cell. (After Maurer and Lewis.) (Courtesy, Maninow tind Bloom: “Pexthook of Ps 
tology," Philidelphia, WU. Saunders Co,) 


THE HYPOPHYSIS 

The anterior lobe of the hypophysis is:derived:from-a diverticulum 
‘known as Rathhe's pouch which grows toward the brain from the roof 
ofthe oral cavity in the embryo, The posterior lobe is formed bya part 
ofthe brain which grows:downward from the floor ofthe third ven- 
tricla, just: behind: the optic chiasma. A portion of the diverticulum. 
fromthe oral cavity comes into contact swith the cowngrowth from 
the brain and becomes the intermediate lobe.:"The intermediate and 
anterior lobes are separated ‘during development ‘by a cleft, which is 
the remnant of the lumen of the diverticulum: In many this-clelt usually 
8 obliterated, more or Jess completely... The anterior and intermediate 
bes lose their attachment to the oralvectoderm;: however, a portion 
the primitive stalk may persist asa: pharyngeal hypophysis. "The 
nyngvowth from the brain Is hollow at first, but loses its lumen and 
eg solid. except. for its Upper part, into: which a portion of the 
dl ventricle projects for a short distance. The lateral portions of 
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the pars distalis (anterior lobe) extend upward and develop inta the 
pars tuberalis, which grows about the stalk and also extends beneath 
the brain lor a litle distance. 

The bypophysis is a small glandular structure which is auached to 
the hase of the brain by a shore sulk, the Pryundibudien. Ty lies ina 
saddiclike depression of the sphenoid bone known as the sella durcica, 
The dura mater extends across the sella tuicica lorming: a root (the 
diaphragma sellae) and it sends extensions down to cusheath and form 
ihe capsule by which the hypophysis is invested. The stalk by which 
the hypophysis is auached to the brain passes through a small aperture 
in the diaphragma., ; 

The hypaphysis consists of an anterior lobe (pars distalis) which 
jorms the principal glandular part af the organ, an intermediate lobe 
(pars intermedia) lying between the anterior and posterior lobes, a 
posterior lobe (pars nervosa), and a part which cnyelops the infundih- 
ular stalk, the pars dberalis. The size and weight of the hy pophysis 
varies considerably im man, being larger in the female than the male, 
The weight increases during pregnancy due to an increase in’ the 
number and size of the cells of the anterior Jobe. 

The anterior lobe (pars distalis) constitutes the greater part of the 
hypophysis (approximately 75 per cent). {tis composed of cells which 
are arranged in cords and masses about irregular blood sinusoids, Two 
main types ol cells are present: chromophils and chromophabes, so 
called because of their reaction to stains, 

Ihe chromophilie cells are characterized by the presence of granules 
in their cytoplasm and by distinct cell walls. On the basis of the staining 
reaction of these granules they are subdivided into two groups: 
acidophilic cells (alpha cells) and basophilic cells (beta cells) While 
there is no clear-cut characteristic distribution of these two cell types in 
the human hypophysis, there scem (o be a few more basophilic cells in 
the cords around the periphery of the anterior lobe while the central 
cords contain more acidophilic cells, The chromophobes are scattered 
throughout both areas tending to occupy the central portions af the 
cords, The cytoplasm of all three cells contain mitochondria, a Golgi 
apparatus, and secretion granules. The shape of the Golgi apparatus 
in the beta cells differs from that of the alpha cells in some animals, 
but not in man. 

The alpha cells predominate and show distinct, large, round, acid 
staining granules in their cytoplasm. These granules are closely packed 
in the cells and are insoluble in acids and alkalies, They first appear in 
the hypophysis in fetuses of about three months of age, 

The bela cells are somewhat larger than the alpha cells, They con 
tain granules which are finer and less distinct than the granules of the 


PHE MY POPHYSTS Ruy 


alpha cells, “These guanules appear later in feral fife thm alpha 
granules (end of the third or beginning of the fourth fetal mouth). 

The chromophobe cells (also called chief or reserve celts) ave sat: 
tered throughout the anterior lobe, but ie more numerous in the 
regions of the pars intermedia and pars tuberalis, They ave found in 
the middle of the colhmns of cells. The boundaries of the cells are not 
distinct and they may appear as groups of nuclei that have a common 
cytoplasmic base. The mictet are distinct aud the cytoplasne is agranuln 
or may occasionally contin only a very few granules. 

The relationships of the dillerent cetls in the pars distalis have 
been clarified by recent studies, Although it has been suggested that the 
alpha and beta cells are not distinct call types, but are functional 
aspects of the same cell, this concept has been disproved. Excellent 
evidence is at hand to show that the alpha 
and beta cells are independent cell types 
and have independent secretory cycles. 
Each evolves through phases of activity 
during which secretory granules accumu- 
late and are discharged as hormonal sub- 
stances, IC is believed that the cells undergo 
repeated cycles of granulation and degranu- 
Jation, During the phase of degranulation 
the cells are chromophobes. Thus in ani- 
nals which show different types of Golgi Mo, 200, Gillated cells of 
bodies in the alpha and beta cells it is Aue ous (calosey ane 
possible to distinguish two types of chromo: — diy: “Special Cytology.” New 
phohes, York, Paul B. Woeber, Iie) 

While the pars intermedia may be 
recognized in most mammals as epithelial lined spaces containing 
colloid, located beuveen the pars distalis and the pars nervosa, in the 
human ft is almost incdistinguishable, Ik contains two types ol cells: 
Uhose which react Lo the basic dyes and which appear to be the mare 
nunterous, and those which do not stain veadily, being more like the 
chromophobe cells of the pars distalis, Some of these cells become 
cuboidal and Corm follicles in which a substance resembling calloid 
may be present, In some hypophyses, these basophilic cells may be 
found migrating into the posterior lobe. The itunction and Late of these 
migrating cells is uncertain, Although some people have regarded them 
as related 10 hypertensive states, this concept seems to have been ade- 
quately denied, 

The pars feberalis extends (rom the anterior lobe to the base of 
the brain, beneath which it grows about the intundibular stalk, Te is 
said to develop from the lateral lobes of the pars distalis, For the most 
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Capsule (pd) Prus distalis, (pd) Pais Intermedia, (pn) Pain neivost. (ol) Gollold in 
folldle of pats Intrurdia (Courtesy, Biemer-Weatherfords “Leathook of Histology,” 
Philadelphia, The Blakiston Gompany,) 


pat, its cells resemble chiomophohe cells in that they do not stain 
readily; Uncy may also form follicles in which a small amount of colloid 
is found, Small clusters of squamous epithelial cells are also present aud 
they have been interpreted as representing epithelial rests of buccal 
‘cloderm, 

The posterior lobe of the hypophysis (pars nervosa) is developed 
vom (he floor of the hid ventricle, lo which it remains attached by 
the infundibulat stalk, {Cis composed ol a form of fibrous Cissue which 
closely i¢sembles newoglia, and which contains numerous fusiform 
and stellate cells, known as pitnicyles. These cells are provided with 
delicate processes, but are not to be regaded as nerve cells as their 
form suggests, since they are of ependymal origin and contain no 
Niss! substance. “The pituicytes are characterized by the possession of 
a brown pigment which gives them a dark appearance. There are no 
true nerve cells in the posterior lobe of the hypophysis. 
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Bio. 202. Antdiior hy pophysis of evened man Acidophiles stain pink; tice shaw 
blu¢ alaining Galg! nets. Rasaphile in lower coud shows a negative piciine of n Golgl 
body ag clenr canal, Cluomophober are present in middle of central cad, Mouitied 
Masion stain, (Gourtesy, Smith & Copenhaver, “Bailey's Lestbook of THistalogy,” Bald 

( thore, “the Willan & Wilkins Go.) 
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Fro, 203, (Top) Muileytes, Note die many vasculia processes uidhaeiyy to vessel on 
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the right. ‘The cell in uppar pace of hgme similar toa ashoblagt, Penfield’s modllicauion 
ol Hortega’s silver aubonate method, (Botlany Celly showing great hoeguiulty lo size 
and shape, Note pigmented cell in lower part of field, (Courtesy, Penfletds "Cytology and 
Cetlulat Pathology of the Nervous System." New York, Paul f. dloeber, ine) 


The hypophysis has a rich blood supply, Small vessels, the superior 
hypophyseal arteries, pass from the internal caroticly and the circle al 
Willis Lo the pars distalis where they join the sittuseids between, the 
cell cords, In addition to this arterial supply, the sinusoids receive 
senous drainage from the hypothalamus and hypophyseal stalk, accord- 
ing to Wislocki and King, ‘This constitutes a portal system, the sig- 
nificance of which is not certain. The pars tuberalis is supplied by 
branches from the circle of Willis. he capillaries in the pars nervosa 
are trom the intetnal cavotids by way of the inferior hypophyseal 
arteries. 


HE UV PORETY SES Sol 


‘The pars intermedia is pracdcally devaid of auy vascular supply. 
The veins from all regions of the hypophysis empty into the cavernous 
sinus, 

‘The presence of lymphatics has never been demonstiated. 

A few unmyclinaced tbers which end among the cells of the 
anterior lobe, arise Irom the carotid plexus. Abundant unmyelinated 
fibers, which originate in lage part in the supraaptic nuclei of the 
brain in the region of the opie chiasma, pass down the inlundibalar 
stalk and cnd in the pars nervosa, 

Functionally (he hypoplhysis is an extremely complex gland, This 
gland produces a number of hormones, some of which are closely 
correlated with the functional activity of other endocrine glands and 
because of this the hypophysis is often referred Lo as the “master gland 
of the body.” 

The alpha cells of the anterior lobe are thought to seerete a growth. 
promoting hormone which effects the growth and maturation of the 
skeleton, If the anterior lobe is destroyed at an éarly age, dwarfism 
resulis, Tf there is a condition of lyperpituitarism in young children, 
they develop gigantism. However, if this hyperpituitarism occurs in 
adults they show changes characterized as acromegaly. If the gland is 
removed in young animals, growth stops, but it can be induced again 
and maintained by the administration of certain anterior lobe extracts. 
Nevertheless, the question has been raised as vo whether a separate 
and distinct hormone which controls growth is secreted by the 
pituitary, 

Secretions of this lobe also have a regulatory effect on the function 
of the thyroid and adrenal glands, The hormione which activates the 
thyroid gland is known as the dhyrotrophie hormone and, while it is 
not definitely known just which cells produce this lormone, it has 
been suggested that the beta cells are the source ol the seeretion, Mhis 
hormone influences the growth of the cells of the thyroid epithelium 
and it is also related to their secretory activity, The adrenatrophic 
hormone stimulates the cells of the adrenal cortex as indicaled hy 
the hypertrophy and the inerease in the lipoidal material within the 
cells of the zona glomerulosa and the zona fasciculata, This hormone 
also appears to be produced by the alpha cells. 

The hypophysis appears to produce three separate gonadolrophic 
hormones, Ong of these hormones, called follicle stimulating hormone, 
causes the ovarian follicles to increase in size and stimulates increased 
production of follicles, while in the male this hormone stimulates the 
production of the sperm cells. It apparently is produced in the baso- 
philic cells. A second hormone is active in causing the development 
of the corpus luteum in the ovary in the female and stimulates the 
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interstitial cells in the male, This hermone is commonly called the 
luicinizing hormone. A third hormone (luteotrophine) stimulates the 
luceal cells to functional activity, The second and third gonadotrophs 
are believed to be produced in the acidophilic cells. 

The acidophilic cells also produce a substance which is very much 
like or identical with the last mentioned gonadotrophic hormane, 
This hormone, known as the lactogente hormone, causes the fully 
developed mammary gland to secrete milk. 

Although claims have been made for the existence of ather hor. 






Fic. 204, Human pineal, Bielschowsky. 500 X. (Courtesy, Cowdtyr “Special Cytology," 


New York, Paul Be Hoeber, Ine) 
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mones of the anterior lobe, the evidence is not entirely convincing 
as yet, 
Two substances have been isolated from the posterior lobe (pars 
nervosil)+ pritressin, which has a marked antidiuretic effect and alsa 
produces a rise in blood pressure, and péifocin, which causes contraction 
of the smooch muscle of the urerus, 

The pars intermedia is believed to produce a substance called 
indermedin. Although this hormone causes an expansion of certain 
pigment cells in some lower vertebrates its function in man is not 
known, 


THE PINEAL 


The pineal or epiphysis isa small, cone-shaped structure; located 
above the posterior part of the roof of the third veniricle to which it is 
attached by a narrow stalk. A portion of the ventricle extends into the 
stalk and is known as the pineal recess, The recess is lined by ependymal 
cells and is continuous with the ependyma of the ventricle, The cap- 
sule by which the pineal is invested is a continuation of the pia mater, 
Gonnective tissue septa from the capsule extend into the body and 
divide its cellular constituents into small, irvegular lobes, 

‘Two kinds of cells are found in the pineal body: neuroglia cells 
and epithelioid cells, In sections stained with hematoxylin and eosin, 
the neuroglia cells may be recognized by their small size and deeply 
staining nuclei, When stained by the silver method, these cells are seen 
to possess Long, branching processes which end in bulblike expansions, 
These processes form an interlacing network, many of them extending 
into the connective tissue septa, Che epithelioid cells are larger than 
the neuroglia cells and may contain acidophilic and basophilic granules 
in their cytoplasm, They ave recognized in ordinary preparations, by 
their pale, vesicular nuclei, Some of the epithelioid cells have a reticu- 
lated cytoplasm, ‘This is:probably clue to fat droplets which have been 
dissolved out of the cell in making the preparation, [t has been claimed 
by some observers, that nerve cells are:present:in the pineal body. “Chis, 
however, has been questioned, In the capsule and connective tissue 
septa characteristic small, gritty particles called brain sand (corpora 
avenacen; acervulus cerebri) ar usually found, These particles consist 
of calcium carbonate and mag esittm: phosphate and have a lamellated 
arrangement. They tend to increase in number as age advances, 

‘The only indication that ‘the pineal -body may: have:an endocrine 
function is the dbservation. thac tumors of the organ may be present 
when. there is early and rapid development. of the sexual characters. 

However, tumors involving adjacent: regions of the brain are scen 
in aimilay cases and it seems wallkely thac the pineal is related in any 














Hltat 








Fia, 205, (Top) Semidiugrammatic representation of adult pineal (A.D) Lobules with 
polymorphic parenchymatous cells, (B) Newronold clement. (G) Jaterlobular space with 
vessels surrounded’ by ‘club-shaped prolongations. (Courtesy, Penfield: “Cytology “and 
Cellular Pathology of the Nervous:System;" New York, Paul D. Moeber, Ine) 

Fie, 206. (Botlom) Parenchymal cells of Ure adult pineal showing morphological varl 
ations, (A, B, C) Cells with profongations polarized toward the edges of the lobules. 
(KE, FG) ‘Tri- or multipolar cells: with qlub-shaped protongations, (1) Cells with jong 
processes, (Courtesy, Penfield: “Cytology and Cellular Pathology of the Nervous System," 
New York, Paul B. Hoeher, Tuc) ; , 
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direct fashion with the sexual precocity. It seems more reasonable to 
explain these cases in which uimors of the pineal sd other structures 
bordering on the third ventricle are assaciated with accelerated sexual 
development on the basis of resultant effects upon the anterior lobe 
of the hypophysis. 








Fie, 207. Acervitus (brain sand) from the pineal of 
an old person, Note enveloping connective tissue Inyor, 
(Conrtedy, Penfield: “Cytology and Cellular Pathology: of 
tha Nervous System,” New York, Paul By -Hoebes, fe) 


‘The pineal body .has been regarded as a vestigial structure repre. 
senting the median, or pineal eye of some of the lower vertebrates, 
Although this possibility has by no means been disposed of, some people 
have been inclined (o regard it as a glandular structure, associated 
with che meclian eye. The experimental evidence in support of this, 
however, is unsatisfactory, 


ee ee poner he Se ILE MLA SE ADEE EE cael Tisa ETRE 


eo saheeey = somemoaren, & 





The Skin and Its Appendages 


Che skin is one of the most extensive and important tissues in 
the body, yet it is usually uecated quite lightly, 1t forms the external 
covering of the body and as such acts as a guard or barrier between 
the body, and its external envionment, In such a position its Lanctions 
me numerous and varied. Moreover, it gives rise to the hair, nails, 
aud a number of glandular suuctures spoken of as the appendages ol 
the skin, 

One of the most important Lunctions ol the skin is to protect the 
body Liom harmiul substances of its environment. Through the activity 
ol the sweat glands and its vascular supply, it aids in regulating body 
temperature, LL acts as an excretory organ by helping to eliminate 
water and other waste products, Through the extensive distribution of 
sensory nerves to the skin, it functions as a receptor for touch, pai, 
and temperature, The cells of the epidermal layers of the skin are 
thought to elaborate enzymes (carboxylase, diastase, phenalase, phos: 
phatase and sullatase), Possibly certain immune bodies are also formed 
hy these cells in response to some of the filtrable viruses, 

THE SKIN 

The skin consists of (vo layers: a superticial layer ol stratitied 
squamous epithelium called the epidermis, and a deep portion, the 
derma or corium, consisting of densely compacted fibroclastic tissue 
derived from the mesoderm, Below the corium is a layer of loose con- 
nective tissue in which a considerable, and olten variable, amount of 
adipose tissue is intermingled with loosely ananged connective tissue 
bundles, the tela subcutanea, In cases where the fat is abundant and 
forms an almost continuous layer, the subcutaicous tissue is called 
the panniculus adiposa, 

The skin varics in thickness in different portions of the body. It 
is quite thin over the eyelids and parts of the external genitalia, oder 
ately thick on the back of the ueck and over the shoulders, and. is 
thickest on the palms of the hands and soles of the leet. 

The epidermis, sometimes called the cusicle, constitutes the outer 
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Fru, 208, Skin fom the palm of the hand, (sc) Strauun cornewn, 
(al) Stantum  Hicidian. Sg) Statin pranalosin. py Sadun 
geumpadvum, (gd) Ducts of sweat phen, 


covering of the skin and in general its thickness varies with the thick 
ness ol the skin asa whole, Typically it may be considered as consisting 
of Jour rather distinct layers or strata of cells, cach of which shows 
certain definite characteristics, Beginning an the attached surface of 
the epicerniis these layers, in order, are: stratum germinalivun, stra 
tum granniosum, stratum lucidum and stratum corneum. The first 
two layers are made up of living and vital cells while in the last two 
layers the cells are cither dying or clead, Nowhere else in the body do 
living and dead cellular clements exist so close together in normal 
tissue, In arcas where the epidermal layer is thin, the stratum granulo- 
sum asa layer cannot be recognized and the stratum lucidum seems 
to be entirely Jacking, so that the epidermis appears to be made up 
of a stratum germinativin and stratum corneum, 

The stratum germinativum is always present because, as the name 
implies, it is in this layer where the cells undergo mitosis to replenish 
and maintain (be epithelial layer, This stratum is made up of a number 
of cell layers, the basal row of which lies on the connective tissue of the 
corium, The corium is raised into a number of moundlike elevations, 
the dermal papillae, which penetrate the deep surface of the epidermis 
giving ita papitlated or sinuous ontline when seen in cross section. The 
shape of the cells of the stratum germinativym varies considerably, 
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‘The basal row consists of a single row ol columnar cells (statin 
cylindricum), In the next few rows the cells become at fast round and 
and then polyhedral in shape, and in the outer rows of this sata the 
cells become flattened, then long axes lying parallel to the sutlace. 
Fiom the deep smlace of the basal row of column cells, dentate 
processes extend into the underlying corium and help to attach the 
epidermis to the dermis, Except for the hasal row of cells, all the 





Jue, 209 Shin fom the palm of the hand, (1) Sato comeum. (b) Satan guindlosm 
(the statum Tueidum fs concealed by the depth of the sitin) (© Shatum gerniiadyiam, 
() Gort (e) Subcutancous (loase aeolar) conncaive Case contiliing masses of adipose 
tissue, Photomimogiiph 


remaining cells of this suratum have inlercellula bridges. These 
biidges ac delicate protoplasmic processes, which extend across the 
intercellular spaces, passing from one cell to another, When the cells 
ac pulled apart, the processes project from their surlaces giving them 
a buiutlike appearance, Jor which reason they are known as prickle 
cells, The cytoplasm of these cells contains a number of fibers, which 
can be demonshiated with the use of proper stains, hese fibers, nowt 
as fonofibitls, not only pass through the substance of the cells, but also 
pass [rom one cel) to another through the protoplasmic bridges, a single 
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fibril extending in this manner though several cells, Chese fibuly 
not only hold the cells m pasivion th vetation (a one another, but they 
also give a certain amount of resilience to the tissue. Mhe nuclei ae 
ound or oval and stain sharply, As would he expected, Lheve te many 
cells af the basal vow that show mitotic hgures. Chey are not limited, 
however, to the basal raw. 

The shatum granuloma consists of 1-5 rows of spindle-shaped 
cells whose long axes lie parallel to the shin surface, The cytoplasm ol 
these cells iy illed with deeply staming granules which are the pie- 
cursors of the substance, keralohyalin, Che granules are highly velvac- 
tive and stain intensely with basic dyes and it is thought that the nu 
cleoli and mitochondria may be concemned in their formation, These 
granules represent che initial stage in the formation of keratin, a subs 
stance characteristically present in the cells ol the stratum corncum, The 
nuctei ol these cells are oval with the long axis of (he nucleus parallel to 
the long axis of the cell. The nuclei ave beginning to show character 
istics ol old age. 

The strahon lucidum is present only in those portions of the skin 
where the epidermis has attained a considerable degree of thickness, 
Ordinarily it appears as a colorless, homogeneous layer due to the 
refractive properties of the substance, eleidin, with which its cells 
are filled, and which is formed by the liquetaction and coalescence of 
the keratohyalin granules of the stratum granulosim, Close examination 
ol the straaim lucidum reveals the outlines of tts fusiform cells, 
although it is difficult to distinguish both the cell boundaries and the 
nuclei, 

The strata corneun is ouly a few cell layers in thickness in certain 
portions of the body, but is several times that of the rest of the epi- 
dermis where the skin is subjected to considerable pressure and attains 
its greatest thickness, Its cells contain a substance known as pareleidin, 
or keratin, The cells of this stratum are at first spindle-shaped, but as 
they approach the surface they become increasingly flauiened and scale- 
like. The cells of the surface layer are thin, flattened, cornified (kera- 
tinized) scales which are removed by desquamation. 

The cells of the epidermis contain mitochondria, Golgi apparatus, 
and intercellular fibrils. In ure cells of the stratum germinativum there 
are many mitochondria present. They decrease in number in the more 
superficial layers of cells and disappear entirely in the surlace layers 
It has been suggested that these cells give rise to the intracellular 
fibrils and that they are conéerned with the formation of keratohytin 
and the pigment melanin, The Golgi apparatus can be demonsuated 
in the gerrhinal layer cells where il is found in the portion of the 
dytoplasm which is superficial to the nuclei, As we progress towaid 
the surface, the Golgi apparatus fragments, disperses and disappears, 


370 THE SKIN AND TIES TPRENDIGTES 


‘Lhe intracellular fibers ave casily demonsuated in the cells ol the 
deepest strata, They are thought to develop liom nitechondvia and, 
in curn, when Chey disintegrate they are coucerbed with the production 
of keratohyalin, The water content of the epithelial cells is also greater 
in the cells ol the basal layer and clecrcdses as we progress Coward the 
surface layers, On the other hand, acidity of the cells increases from 
the basal toward the surface layers. 

The epidermis rests on a subsuatim of connective tissue consisting 
of two layers: the corium and the tela subeutauea, No delinite bound. 
ary exists between these layers, the one merging insensibly into the 
other, 

The corinm (derma) lies divectly heneath the epithelium and cov- 
sists of a superficial portion, the papillary layer, anda deeper portion, 
the reticulated layer, The papillary layer is raised into numerous ele- 
vations (papillae) which pencuate the deep surface of the epidermis, 
Between the papillary layer and the epidermis is a thin sain of 
reticular tissue in which a lew lymphocytes may be found, and which 
is Lrequently relerred to as the Haica propria, The deep, or reticulated, 
layer of the corium is composed of coatse callagenous fibers, wit 
which a delicate, wide-neshed network of fine elastic [bers is inter. 
woven, The elastic fibers form a more closely meshed network immedi: 
ately beneath the epidermis, 

The tela subentanea tics bouveen the corum and the underlying 
structures of one or muscle, fn different parts al the bocly it varies 
in thickness and in the amount ol fat it contains, Its fiber bundles are 
loosely arranged, the spaces between them being filled with masses of 
adipose tissue, Beneath the tela subcutatien (he conmmective ssid fibers 
unite to form a thin, fascial layer, the fascia sebeutanen, 

The color of the skin is modified by the presence of a yellowish 
brown pigment in the skin, ‘This pigment is usually confined to the 
cells of the epidermis, but it may also be found in cells of the corium, 
particularly in the very dark-skinned people, The quantity of the 
pigment varies in different parts of the body, being especially great in 
the skin about the nipples, the axilla, in the area around the anus and 
over portions of the external genitalia, Exposure to ultra-violet light 
also increases the amount of melanin pigment in the skin, as is 
readily observed in summer when “tans” are developing, 

Melanin occurs in the form of fine intracellular granules in the 
cells of the stratum germinativum where it may be fairly well restricted 
to the cells of the basal row (as in white races) or as in the black races, 
where it may be found in cells throughout the entire stratam and in 
the deeper cells of the stratum corneum, It is also present in certain 
specialized cells called melanobllasts or chromatophores. These are 
stellate shaped cells located intercellularly in the stratum germina 
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uvunt, These cells possess fine processes which extend between the 
epithelial cells of chis layer, 

In the epithelial cells the melanin is usually found in the more 
superficial portion ol the cell and in this location wis able to give 
protection to the nucleus against the actinic rays of light which in 
oo great a quantity might be haumiul, Both the nucleus ancl the 
mitochondria me believed to contribute to the formation of melanin. 
It has not been defitely proven whether the pigment is formed by 
the epithelial cells Chenselves or whether the chromatophores produce 
iu and it then enters the epithelial cells, However, there seems ta be 
good evidence lor the belief that it is formed by the epithelial cells 
themselves. ‘The way the pigment is removed is unknown. ‘That it 
occurs is well known and in some instances is surprisingly rapid 
(sudden whitening of hair, ete), What the mechanism is must still be 
determined, but tt probably fies within the cell itself, Certain other 
stellate shaped cells (cells of Langerhans) ave found in the upper layers 
of the stratum germinativum, ‘They are similar in appearance to the 
melanoblasts and have been mistaken for them. These cells difler from 
melanoblasts, however, in some specific stain reactions. 

The glands of the skin are the sweat (sudoriforons) and sebaceous 
glands. ‘The sebaceous glands are closely relatecl to the hair follicles 
and will be discussed in that connection, 

The sweat glands (glandulae sudoriparae) ave long, unbranched, 
tubular structures, which end in a series of coils in the deep part of 
the corium or in the subcutaneous ssue, In passing trom the coiled, 
secreting portion of the gland to the surface of the skin, the duet pur 
sues a straight, or nearly saight, course through the corium, Tt enters 
the epidermis between the dermal papillae and alter following a wind- 
ing or spiral course, opens to the surface through a small opening or 
pore, "The wall of the duct consists of two or three layers of cuboidal 
cells which form an epithelium resting on a basement membrane, 
Kxrernal to the basement membrane is a thin layer of longitudinally 
arranged connective tissue fibers, In the epiclermis the wall of the duct 
is Lormed by the cells between which it passes, The secretory or coiled 
portion of the gland is somewhat enlarged, its wider lumen being lined 
by cells that vary in height from cuboidal to columnar. These cells 
possess deeply staining, spherical nuclei, their cytoplasm being filled 
with droplets of an oily substance which becomes a watery secretion 
under the influence of nervous impulses. Between the secretory cells 
and the basement membrane is a row of clongated, spincle-shaped 
cells (myoepithelial cells) which are, evidently, contractile elements 
and are rogarded as delicate muscle fibers, 

The arrangement of the blood vessels in the skin presents a some: 
what complicated pattern. The larger vessels penetrate the reticulated 
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layer of the corium, thei: bianches anastomosing to form a network 
in its deeper portion, the subcutaneous plexus. Branches trom this 
plexus pass into the papillary layer, there they unite to lon another 
network beneath the bases of the papillac, the subpapillany plexus, 
Branches Lrom the subcutancous plexus break up into capillaries in 
the fat lobules of the subcutancous Ussue and about the secreting 
portions ol the sweat glands. Branches from the subpapillary plexus 
pass into the papillae, in which they lomm a serics ol capillary 
loops. 

"The veins which arise fom the capillary loops in the papillae unite 
to form a venous plexus in the papillary layer of the corinm, Branches 
from this network form a second plexus which gives rise to veins (hat 
pass to the deep portion of the corium, in which they form a third 
plexus. This iccetves most of the venous return from the fat lobules 
and sweat glands. A fourth venous network is formed in the subcue 
tancous tissue, lrom which the laiger veins arise that convey the blood 
from the skin, 

The lymphatics are abundant. They originate [rom capillaries in 
the papillae and about the sweat glands, These capillaries unite to 
lorm vessels which communicate with additional networks ol lymph 
vessels in the corium and in the subcutaneous tissue, 

The neives to the skin are mainly sensory, A few unmyelinated 
fibers pass to the walls of the blood vessels and to the glands. The 
myelinated fibers lose their sheaths and end in sense organs, such as 
Meissner’s corpuscles in the papillae, the Pacinian corpuscles in the 
subcutaneous tissues, and as [ree endings beuween the cells of the 
epidermis, 

THE HAIR 

The hairs are owlgrowths of the skin and are distributed over 
nearly the entire surface of the body, Hair is not present on the soles 
of the feet and the palms of the hands, The hairs which occur over 
the greater part of the body are small, slender and more or fess scat. 
tered. In areas like the scalp, where they grow more abundantly, the 
hairs are larger and are set more closcly together, 

A typical hair consists of a shaft, the greater part of which appears 
‘bove the surface of the skin, and a rood, which is located in a tubular 
tructure that lies below the surface of the skin, the lower end of 
vhich is enlarged and forms the bulb of the hair, The bulb is pene- 
rated by an upward extension of the connective tissue, the hair 
papiita, 

The tubular structure in which the root of the hair is embedded 
consists of an outer and inner part: the or/er and fuer root sheatlis, 

The outer sheath is formed by an invagination of the epidermis, while 
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Fro, 210. Thick section of tha ttantan scalp, 20 X, (Courtesy, Bremer Weatherford: “Text 
book of Histology," Philadelphia, The Blakiston Company.) 


the inner sheath is derived from (he cells of the outer sheath. The root 
sheath and, the portion of the hair below the surlace of the cuticle 
constitute the hair follicle. Surrounding the follicle, in all but the 
smallest ancl most delicate hairs, is a connective tissue investment 
called the theea. : 

As it lies im the skin, a hair follicle is directed obliquely so that an 
Upper and lower surface may be ascribed to it, This oblique direction 
also results in the hair emerging (rom the epidermis at an angle. Lhe 
opening through which the hairy passes to appear on the suiface is 
called the mouth of the follicle, while the constricted portion of the 
follicle below the mouth is known as the neck. The sebaceous glands 
which open into the neck of the follicle are usually located in relation 
to its lower surface, hawever, in some cases the lollicle may be com- 
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pletely surrounded by these glands. Sraall, flit bundles of smooth 
muscle fibers, known as the a rectores prlorum neuiseles, have thet ovigin 
in the upper part of the corium and, passtig obliquely downward, are 
inserted into the lower side of the follicle below the attachment ol 
the glands. When these nuiscles contacts the fallides and the con 
tained hats are clevated. “Phe muscles are arangect about the sebaceous 
glands in such at way that when they contract, they press on the gland 
and thus aid tn forcing its secretion into the follicle. 

"The thea or counective tissue by which the lollicle is invested 
consists of an outer layer of loosely ananged, longitudinal fibers, among 
which ae a lew clastic {thers [te is also richly supplied with blood 
vessels and nerves, ‘Ihe middle layer is somewhat thicker and consists 
of ciiculaly mtanged connective tissue fibers, The inner layer, which 
is (hin and has a homogencous, glassy appearance, is known as the 
hyalin membrane, t forms a basement membrane on which the epi- 
thelial cells of the outer root sheath rest and can be waced the entire 
tength of the follicle. It becomes quite thin as it passes around and 
over the follicle. 

“Lhe outer root sheath is a continuation of the stratum germina- 
tivum ol the epidermis, The basal row of cells (corresponding to the 
strat cylindhicum) are colummar, {nternal to the row of columnai 
cells, the outer raat sheath consists of several layers af polyhedtal cells, 
between which protoplasmic bridges can frequently be seen, As this 
layer approaches the bulb, the inner cells lose thetr characteristic ar- 
laugement: the basal cells forming a single 1ow of cuboidal cells which 
become colummar as they are carried over the papillae 

Che inner root sheath, although occupying a position in relation 
to the outer 1a0t sheath corresponding to that of the siradun grant 
losum, is not a continuation of the granular layer. [t occupies the 
lower Uvo-thirds of the follicle and does not extend above the point 
where (he ducts of the sebaccaus glands open into the neck, Ls best 
development is to he observed in the middle third of the folliele, 

“Lhe strattin comeum extends into the follicle as far as the openings ot the ducts 
of the sebaceous glands, Nether ce scatum granulosa nor Ue sadtum caneunt 


continues below Ue neck of the Jolligh, The siatumt granulosum may coulinuc as 
far ns the extent of the suiatum comeunt or it may extend slightly below it 


The inner root sheath consists of three layers: the outer, known as 
Tonle’s layer, is a single row of flattened, cornified cells in which the 
nuclei are mdistinct. The middle, or Muxley’s layer, is composed of 
one to three rows of cuboidal cells in which the nuclei are more cis. 
tinct, The inner or cuddeudar layer consists of flattened non-nucleated, 
cornified cells ananged so that they overlap one another alter the 
fashion of shingles on a tool, the free borders of the cells being directed 
downward, 
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The layers of the outer and inner root sheaths become indisunet 
at the lower end of the follidle and finally merge into an undillerenti- 
ated mass of epithelial cells called the matrix, This mass of unditie- 
entiated cells forms te portion of the bulb which Hes on and about 
the papilla. fhe number of cells in ie matrix is increased by prolil- 
eration {rom the cuboidal cells which continue the basal layer of the 
outer root sheath around the bib, As new cells ne lormed, the older 
cells are pushed upward and are difleventiated into the cellular cle: 
ments of the bait, 

In the Jarger hairs, the hair shalt includes a hair cuticle, a cortex 
and a medulla, The hair cuticle consists of a layer of scalelike cells 
which overlap, thei free edges being directed upward. ‘his enables 
them to engage the scalelike cells of the cuticle of the inner root sheath 
in such a way chat the dead portions of die sheath ine carried out ol 
the Jollicle by the growth of the hair shalt. “Phe cortex constitutes the 
greater portion of the shit. The cells ol the matrix are differentiated 
into long, spindle-shaped elements with rodlike nuclei, These clon 
gated cells, or hair spindles, ae pushed upward into the shaft as new 
cells are formed beneath them. “Chey aig so closely packed cogethes 
Ubat it is difficult to distinguish them as separate structures in ordinary 
preparations, The color of the hair depends on the amount and depth 
of color of the pigment which these cells contain, Minute clefts or 
air spaces are present between the cells and have a snocdifying eflect 
on the color of the hair, Pigment granites ae said to be present in 
these spaces. The medulla consists of two or more rows of cuboidal 
cells in which there are evidences of degeneration. It is not present 
in the smaller hairs and is lrequently absent Lrom those ol larger size, 
When present, it does not extend the entire length of the shaft and 
may be interrupted frequently. 

Associated with the hair follicles are large, branched saccular 
glands, the sebaceous glands (glandulae sebaceae), Wo oy more of 
which may open by their ducts into a single follicle. These glands are 
epithelial outgrowths from the outer root sheaths, the epithelium of 
the duct consisting of two or (liree rows of cells, which are reduced 
to a single row that encloses the saclike extensions of the gland, ‘The 
large, rounded cells with which the body of the gland is filled are 
derived [rom this basal layer by division. The cells occupying the body 
of the gland develop fat droplets which are wanstormed into the oily 
secretion of the gland (sebum), As the cells iu che region of the duct 
disintegrate and pass into the duct, the secretion is released. It serves 
for the softening and protection of the hair and scalp, 

There is a periodical shedding and replacement of the hair in many 
of the lower animals, In man this is a more or less coustant process. 
The cells of the bulb cease to proliferate and begin to cornify, ‘The 


2% ohhh 





i Bulbup pill 


Papnin 





Fra, 212. Four cross sections of a hair of dhe head (100 X), with nv diagrammatic longl- 

tudinal vigw for orientation, (A) Guilcula, (I) Cortes, (CG) Meduthi, (0) $n, comeum, (IT) 

Su. germinatvain, (111) Corfunt, (1-8) Comiective Ussue sheath, (1) Longliudinal fiber layer. 

® Circular fiber Inyer. (8) Connective tissue hyaline membrane, (4) Epithelial hyaline men 

tine, (3) Outer epithelial sheath, o Inner ¢pithellal sheath, (a) Ueule's layer, (6h) 

Nusley's layer, (7) Cuticula of the sheath. (Muse) Arrector pill, (Seb,) Sebaccous gland, 

, (Courtesy, Bremey-Weatherford: “Textbook of Ristology,” Philadelphia, “Che Makiston 
Company, 
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cells of the lower part of the inner reot sheath are also cornified and 
become attached (o the lower end of the oot, which is separated Lom 
the bulb, Uhis enlargement of the root gives ita clublike appearance 
and these hairs are known as club hairs. As the club haits are separated 
fiom the bulb, they pass upward into the neck of the follicle where 
they remain for a longer or shorter period, depending on whether 
they are pulled out or are pushed out by the new hair growing up 
from below. In the meantime, the cells of the outer root sheath grow 
inward, a new bulb and matrix are formed, and a new hair begins to 
develop by the usual process ol growth, 

The blood supply of the hair follicles is by small arteries which 
ascend into the papillae in the form of capillary networks, Branches 
from the subpapillary plexus also foun capillary loops which are 
closely applied to the hyalin membranes ol the follicles. The veins 
which return the blood from the papillae join larger vessels in the 
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subcutaneous tissue, The veins from the capillities about the follicles 
join the venous networks in the comtum, 

The nerves ae mainly myelinated fibers which lose then sheaths 
and break up into delicate branches that end in enlagementy on the 
surface of the hyalin membranes. Small, disclike epithelial sructiues 
are located close to the haiis as they emerge fron the skin, These eliscs 
are said ta receive nerve fibers and are regarded as being sensory in 
character, Unmyelinated fibers supply the walls of the blood vessels 
and of the glands. 

The yibrissae on Sarge tactile hails of certain animals receive fibers which 


penetrate the hyalina membranes and end in relation to specially modified cells in 
the outer reat sheath, Tahts ae also very impartant touch organs in man 


THE NAILS 


The nails ure flattened, platelike structures located on the dorsal 
surlaces ol the distal ends ol the digits. Each nail consists of an exposed 
portion, the body, and a portion which is embedded in the skin, the 
rool. Distally the nail ends in a free edge which overlies the tip ol 
the digit, The folds formed by the skin on the lateral borders of the 
nail are known as the nail wall, while the portion of the skin that is 
lolded over the 100 is called the nail fold. 
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Tid. 214. Longitudinal section through the Up of the finger. (Nf) Nait fold, (hp) 
Eponychium, (Np) Nail plate, (Sb) Sumtuim gertoluativum af the nail bed (epideumis) 
(Co) Garten of the nll bed, (By) Blood vessals. (gl) Swart glands (1 p) “Lamina 
phalana of the finger (Jn) ‘Tendon, (M) Math, (ic) Pat cells, () Golam (Sym) 
Strauint germinativwm. (Sg) Sutwn guimuosni, Gl) Stata lucidum, (et) Suatum 
couneun, 
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Fie 215. fransvenesccuon of a tiger nail. Phe diay fig Tits been shortened! slightly fron 
side to sue to preserve rchitions (N) Natl plate (9b) Stuttim germinativime of the ail bed 
(1) Papiny ndges of the mal bod (G) Gout (Nw) Nail wall (9) Strata geummativeny 
of the nal wall (ep) Lponychium (Nin) Margin of uiil, (By) Blood vowed. (sc) Stuatim 
corneum ($1) Saati lucidum, (5g) Sracam: giunidestin, (gm) Soca gered tan 


The nat, ov nal plate, isa had soucine consisting ob cornified 
cells Closely bound together and ananged in overlapping limeltlac, 
Vhe undeilying tissue on which the nail rests is called the nail bed 
and consists of an epithelial portion and a corium, ‘Phe epithelial 
portion is continuous with the suiacum genminativum of the skin, Tt 
passes over the tip of the digit and torms a thin layer of epithelial 
cells beneath the nail plate, The epithelial layer and the nail plate 
are so closely related that they are’ called, by some authorities, the 
solt and hard parts of the nail. Phe epithelial layer increases in thick. 
ness beneath the root and lorms the matrix, the position of which is 
indicated, especially alter the nail fold has heen pushed back, by a 
while, crescentuie area, the Lava, 

The corium forms the deep portion of the nail bed. U0 consists of 
densely interwoven collagenous and clastic {thers arranged in bundles, 
some ol which extend from (he epithelium to the periosteum, ‘The 
papillae beneath the epidermis on the tip of the digit, form a series 
ol longitudinal ridges beneath the epithelial layer of the nail bed. 

The lateral borders of the nail lie in a groove between the nail bed 
and the nail wall. This is known as the vail groove, The skin which 
lorms the nail fold uns inward above the root of the nail, ils stratum 
corneum extending forward from beneath the nail fold as a ragged 
membrane, the eponychiun, 

The cells of the epithelial layer of the nail bed in front of the 
lunula do not convibute Lo the formation or growth of the nail plate. 
The nail plate increases in thickness by the addition of cells which 
have become cornified and added to the portion of the root lying upon 
the matrix. ‘The cells about the proximal border of the root underga 
a similar transformation and ave added to it from behind, With the 
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addition of this new material, the body of the nail is pushed forward 
over the nail bed as it increases ta length, 


PH MAMALARY GLANDS 


The mammary glands, although Junctionally related to the organs 
ol reproduction, we modified Cutaneous structures, They ae present 
in both sexes, iu dhe same degiee ol development up to the cine ol 
puberty, alter which the glands auophy in the mak In the temale 
they continue to develop and become tinctional alter pregnancy when 
the period of active lactation begins, 

The glands are contained in the maaunae, which are rounded, 
hemispherical badics of varying degrees of prominence, ‘Phe glandular 
elements are surrounded by a consid@iable amount ot loosely arranged 
comiective tissue with which masses of lat are intermingled. The cen 
ual poruon of the mamma is clevated to form the wipple, which is 
located in the middle of a more or less deeply colored area, the areola, 
The epidermis covering the nipple and the areola is deeply papillated 
and contains a considerable amount ol pigment, which assumes a 
deeper color after the fist pregnancy, A number of small bundics of 
smooud muscle fibers are disposed in the skin beneath the areala and 
about (he nipple, At the base of the nipple these fibers are arranged 
ina ciicular fashion, some of the bundles extending into the structure 
By the action of these muscu fibers the nipple is extended and ele- 
yates, Small, rudimentary glands which are structurally similar (o the 
mammary ghinds we preseut in the skin beneath the areola, their 
position -being indicated on its surface by small rounded clevations. 
These glands are known as the areolar glands of Montgomery, 

The nmunmary gland consists of 15-20 groups or lobes of glandular 
clements, separated from one another by fibrous septa (interlobar 
septa). From these interlobar sepur the connective tissue extends into 
the lobes dividing them into lobules (interlobulay septa), From the 
interlobular septa very thin septa (intralobular septa) extend into the 
lobules to act as the supporting tissue for the glandular epithelium. 
In both the intertobar and the interlobular septa the connective tissue 
is dense and made up almost exclusively af compactly arranged bundles 
of collagenous fibers, Mastic fibers are few and scattered. Cellular 
elements ave reduced in number, In certain areas fat cells may be 
present in quantity, Ou the other hand, the intralobulay connective 
tissue is almost the opposite of this, The cells are numerous, the quan- 
tity of fibers is reduced matkedly anc those that are present are (ine 
and delicate, a condition which allows for the expansion of the 
glandular tissue as it changes (rom the nonfunctional to the functional 
state, Mat is seldom, if ever, present, Numerous blood vessels are present 
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in the more loosely arranged tissue, logether with lymphocytes, histio 
cytes and plasma cells, The presence ol gianula teucacytes ix stally 
regarded as indicating an inflammatory condition, 

In general, the structure of the inactive maminy gland presents 
a picture in which the connective Ussne clements predominate, the 
glandular elements consisting mainly of duets and thet branches. The 
whole appearance of the gland is that of a seaciered collection of branch 
ing tubes, widely separated by broad septa ol connective tissue, 

In the inactive gland the alveoli or secreting clements are smull 
and undeveloped, the lobes consisting mainly of the single lactiferous 
duct and its branches, which pass font cach Jobe ta apen into a small 
depression in the summit ol the nipple. In the lobe, the branches ol 
the principal duet end in small, collapsed alveoli or in cordlike masses 
ol cells om which alveoli are developed when the gland becomes 
active, ‘These glandular clements are widely separated by the inter 
lobular and interlobar connective tissue, 

The walls of the alveoli consist of cuboidal cells which rest ona 
basement membrane, Between the epithelial cells and the basement 
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membrane are numerous delicate, spindle-shaped myoepithelial cells 
which do not orm a continuous layer and ave looked upon as muscular 
elements. 

‘The smaller ducts present about the same suructure as the alveoli, 
that is, they ate fined by a cuboidal epithelium with myoepithelial 
¢lements between the epithelial cells and the basement membrane. 
‘These contractile clements are more abundant in the duets than in 
the alveoli and by their contraction aid the passage of the sectetion. 
‘The larger ducts are lined by a simple columnar epithelium; the epi- 
thelium lining the still larger ducts being stratified columnar, Beneath 
the arcola, the lactilerous ducts form spindle-shaped expansions, the 
antpulla or lactiferous sinuses. These enlargements serve for the storage 
of a reserve supply of the secretion of the glands, ‘The ducts narrow 
somewhat {rom the ampuilae to the point where they oper tito the 
nipple and are lined by a stratified squamous epithelinm, which is 
continuous with the epithelium of the skin, Since there isa lactiferous 
duct for each lobe, from 15-20 ducis open into the depression at the 
summit of the nipple. 

Toward the end of preguancy a marked change takes place in the 
structure of the gland. The collapsed alveoli begin to enlarge and 
expand, The ducts send out new branches, some of whieh end in 
alvcolar enlargements, others end in cords and masses of epithelial 
cells which soon acquire lumina and become alveoli. As unis increase 
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and expansion of the glandular elements continues, the connective 
tissue is compressed into very thin septa beaween the alveoli. 

The cells of the alveoli in the actively lactuing ghind are cuboidal 
at first. With the development of fat globules they become columnar 
and tend to project into the Lumen of the alveolus, The lit first appears 
ag small granular bodies which stain black with ostuie acid. These 
granules combine and form droplets, the droplets coalescing to form 
a, large globule close to the tree surface al the cell, The lit globules 
are finally discharged into the lumen of the alveolus by the rupture 
of the outer portion of the cell (apocrine manner of secretion). They 
ave mingled in the alveolus with an albuminous fluid which is secreted 
by the cells of the alveolar epithelium. After the lat globules are dis- 
charged, the cell reorganizes and the process is repeated, 

In sections of functional mammary glands, the alveoli in diferent 
lobules and sometimes alveoli in the same lobule appear to be in 
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different conditions of activity. ti some alveoli the cells are columnar 
and are filled with fat dioplets, while in others they are cuboidal and 
give no visible evidence of a secretory activity. “Vhis is due to the fact 
that the alveoli pass through paiods of activity, altermating with 
periods ol rest, hence all of the alveoli olaserved in a single section do 
hot present the sue functional condition. Vhe walls of some of the 
alveoli nay be so distended by the amount of secretion they contin 
that their cells ave reduced to thin, flattened elements, 

Growth and development of the mammary glands and the produe- 
tion ol milk ave under control of endocrine secretions from the ovary 
and the pituitary glands, Estrogen, produced by the granulosa cells 
of the ovary (and also by the placenta), stimulate the growth and devel- 
opment ol the duct system, Progesterone (produced by the corpus 
luteum and the placenta) causes the alveoli to develop and enter the 
presecretory stage from which, in the presence of prolactin from the 
anterior pituitary, they go on to the full lactation stage. 

The secretion of the pland is called alk, Le is an eniulsion of fat 
droplets suspended in a clear, watery fluid which contains in solution 
albuminous substances, sugar and inorganic satis, ‘Chis fluid is secreted 
by the cells of the alveoli, but the fat droplets are believed to be taken 
out of the surrounding fluids by the cells and are not claborated in 
their cytoplasm. During the last days of pregnancy and for a few days 
alter it has terminated, the glands produce a clear, watery fluid, the 
colosirum, Golosivum diflers from mitk in the small amount of fat 
which it contains, Numerous bodies, the colostrum corpuscles, are 
characteristically present. The corpuscles are usually spherical, al- 
though they may be quite irregular in form, They are believed to be 
large, phagocytic cells which have become distended with particles ot 
ingested fat. 

At the end ol the period of lactation a series of retrogressive changes 
(involution) takes place. Vhe glandular structures are greatly reduced 
or disappear, the conticctive tissue elements increase and there is a 
return of the gland to its nonfunctional condition, However, this 
return is not absolute, since some of the alveoli may remain and may 
even be capable of secreting for some time. 

After the menopause the glandular elements are still further re- 
duced, and in advanced age may become fibrous cords, The connective 
tissue of the gland undergoes retrogressive changes and the entire 
structure becomes reduced and shrunken. 

At first. the blood vessels are distributed about the surface of the 
gland; branches [rom these superficial vessels lollow the interlobar and 
interlobular connective tissue into its deeper portions where thei 
branches form networks about the alveoli. The veins leave the glauds 
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by following the course of the arteries, “Phe supply of bleod to the 
gland is greatly increased during the period of lactation. 

The lymphatics arise as capillaries about the alveoli, These capil 
laries unite to lorm the smaller lymphatics which join the lige lyn 
phatics in the intevlobar tissue, For the most part, the lymphatic 
vessels leave the gland to empty into the avillay nodes, 

The nerve supply is mainly trom the sympathetic centers, their 
fibers ending in the walls of blood vessels and terminating in che form 
of fine plexuses about the alveoli. Tt is said that a few thers penetrate 
the basement membrane of the secreting shuctures ancl end between 
the cells, 
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The Male Reproductive Organs 


The orgaus belonging to the male reproductive system are: the 
lestis, epididymis, ductus deferens and the penis, Associated with these 
structures are certain accessory organs, nanicly, the seminal vesicles, 
the prostate gland, and (he bulbourethral glands. 





Fa. 2419, The wogenttal system (nale). The glondulay complications of the male 
togenital systent appene to be in pak an adapuan (a the double function af the 
Inathra-evactory and seproducive. the alkaling secretions of the glinds seve to neu 
Galle the ucidtty of die meth caused by the acld mine. (Sobor) (Courtesy, Neal 
and Rand: “Gonipaative Aniomy,”" Philicelphia, The Blakiston Company.) 


4 THE VESTIS 
The male germ cell or sperm is protluced in the testis, Organs in 
which cellular clements such as the spermutosoa and the ova are 
developed are known as cyfogenic glands, The glandular character ol 
the testes, however, is not determined by their production of sperma. 
lozda aloua, since they are also the source of certain substances called 
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hormones which are delivered directly to the blood. ‘They ae, there: 
fore, Lo be classed also with the ductless glands, 

The testes are egg-shaped, glandular bodies ua are suspended hy 
means of the spermatic cards in a membranous sac, (he serasian, 

At fiyst the testes lie in the abdominal cavity. A saclike divertic. 
ulum, the processus vaginalis, is Jormed by a downgiowth ol the 
peritoneum into the scrotum, The processus vaginalis is accompanied 
hy the structures of the abdominal wall through which it passes. Pach 
testis follows the processus into the scrotum, being aided in its descent 





Ine, 220, “Testis, mediastinum testis, and epididymis, ($1) Seminiferony wibules, (sep) ” 
Sepula testis. (Str) Straight tubules (ubulf rec), (rt) Rete cesta dn mediaatinum, (Ed) « : 
Kilevent dicts, (Igo) Lpididy mis. 
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by the shoutening of a fibrous cord, the gubernaculiar lestis, which 
extends from the posterior cud of the testis into the scrotal sac, Alter 
the testis is lodged in the scetuin the upper part of the processus is 
shut off, thus closing its communicuion with the abdominal cavity, 
lts saclike portion in the scrotum Jolds about the amterior and Luteral 
sides of the testis, louming an investing covering, the (uatica vaginalis. 
‘The tunica vaginalis consists of two layers: a parictal layer whieh is 
applied to te inner surface of Che wall of the scrotum, anda visceral 
layer which forms the outer covering of the wall ol the testis. The two 
layers are separated by a serous cavity, which is derived Irom the 
pLocessus vaginalis, 

The testis is enclosed in a thick capsule, the tnica albuginea, 
composed of densely compacted collagenous and clastic tissue, in which 
the elastic fibers predominate, The number of clastic fibers increases 
with age, Beneath the tunica albuginea isa more loosely arranged layer 
of connective (issue which supports numerous blood vessels, Tt is 
known as the faded vascudasa, Uhis layer is more evident in early life. 
Later it loses much of its vascular character and can hardly be distin- 
guished [rom the rest of the tunica albuginea. The tinica albuginea 
is greatly thickened posteriorly and forms the mediastinia testis ov 
body of Highmore. Fron the mediastinum, connective tisstie extends 
out to form diverging septa (seplula testis) which attach to the tunica 
albuginea of the opposite wall. These septa divide the testis into a 
series of about 250 comparunents, known as the dobuli testis. These 
lobules are roughly pyramidal in shape, their narrow portions being 
toward the mediastinum, their broader, basal portions being direc ted 
peripherally, 

Fach lobule contains from one to three tubular structures, the 
seminiferons tubules (convoluted tibules), Atter winding about ina 
series of complicated coils the ends of the tubules do not end blindly, 
but anastomose and form Joops, an arrangement which provides for 
the exit of the spermatozoa in case obstructions should be formed in 
some al the tubules, Occasionally cubules may pass chvough the inter. 
veuing septula and join thase in the adjacent lobules, ‘The tubules are 
supported by delicate fibers which extend into the lobule trom the 
septula and form the interstitial connective tissue, These fibers not 
only bind the tubules together, they also give support to the blood 
vessels by which they are supplied. 

As the convoluted (ubules pass toward the mediastinum they be- 
come continuous with the straight tubules (tubuli recti), As the straight 
tubules continue toward the epididymis they form thin-walled, anas- 
tomosing spaces in the mediastinum known as the reve testis, Occasion- 
ally a single convoluted tubule may join the rete directly. The rete 
testis communicates with the duct of the epididymis by 15-20 tubules, 
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Me, 22). Section through the convoluted (seminiferous) tnbules of a hunni tests, 
(St) Seminiferous tubules. (Ge) Germinal epithelium, (Wt) Connective tiasue wall (Lunict 
albuginea) ofa tubule. (JO -Unterstitial Usane. (Ie) Interstitial cells, (B8v) Bloud versels. 


known:as ‘the efferent ducts (ductuli efferentia), Passing into the head 
of the epididymis (globus major) these ducts pursue a straight course 
for a short distance, they then enlarge, become convoluted and assume 
a cone-shaped arrangement, the cori vasculosi, which unite with the 
ductus epididymis, The ductus-forms a serics of coils, which continue 
through the body tothe globus minor where it joing the vas deferens.» 
THE SEMINIFEROUS TUBULES. The wall of a seminiferous. 
tubule consists of an. outer layer of closely interwoven collagenous ands | 
clastic fibers containing flattened: fibroblasts, a thin basement mem)! 
brane on which rests the highly specialized spermatogenic epithelium 
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uiade up of two types of cells: the supporting cells (cells af Sertoli) and 
the germinal (spermatogenic) cells, 

The cells of Sertoli are slender, protoplasmic: columns extending 
from the basement membrane to the surface of the epithelium, Their 
large, pale, vesicular nuclei ave oval in outline and are located at dif. 
ferent levels, Their cytoplasm has a reticulated appearance and con. 
tains granules, fat droplets and pigment. A crystalloid body is usually 
located near the nucleus, Mitochondria ean be demonstrated by the 
use of special staining methods, The sides of these cells show a marked 
irregularity due to the indentations made by the pressure of the 
adjacent spermatogenic cells, The cells of Sertoli may degenerate, but 
wpparently undergo division only rarely. They furnish support and 
nourishment for the developing spermatogenic cells, : 

The spermatogenic cells occupy the spaces between the Sertoli. cells 
and form an epithelium which may: be several cell layers in thickness, 
These cell layers represent the different stages in the development of 












4 Bic, 222. Section through A. seminiferous: tubule (human), (A) Sertoli cell. (3) Sper. 
Matagonin, (CG) Primary: spermatocyte, (D) Secondary: spermatocyte, (1%) Spermatid. (1) 
Sportnatozon. (G) Interatittat calla, Photomicrograph, 
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Tne. 225, Cross sectlon of seminiferous (convalited) Guhules of a motte, NEO. (Camre 
teyy, Bremer-Weatherfords “bextbook af Uistology”” Philadelphia, The Wlikiston Gam 


pany.) 


Spermatide, 


the spermatozoa, Proceeding fiom the basement membrane to the 
Jumen of the tubule, the cells which compose these layers are the 
spermatogonia, the primary and secondary spermatocytes, Ue sperma: 
fds, and the final product of the divisions and ranslormations which 
lake place among the cells of the germinal epithelium, the spermatozoa, 

The spermatogonia are cuboidal or subsphevical cells which lic 
directly on the basement membrane, comprising two or Uiree layers, 
asa rule, The nuclei are spherical and the chromatin is usually in the 
form of a closely meshed network, The spermatagonia produce a sues 
cession of similar cells by repeated divisions, Alter several generations 
of cells have heen produced in this manner, some of the spermatogonia 
pass through a period of growth and become sperniatacytes. 

The primary spermatocytes are considerably larger (1719 microns, 
compared to 12 microns lor spermatogonia) than the spermatogonia. 
The chomatin in their large vesicular nuclei presents a variety of 
patterns according to the stage of activity iu which the cell finds itself, 
These cells form the two or three layers internal to the spermatogonia. 

The secondary spermatocytes are smaller (12-14 microns) than the 
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primary spetmatocytes, from which they are devived by mitotic divi- 
sion. The spherical unclei stain deeply owing to the condensation al 
their chromatin, These cells fom one to three layers internal to the 
primary spermatocytes and give rise, almost immediately, to the sperma- 
tids, 

The spermatids are small cells with deeply staining, spherical 
nuclei, They do nat divide, but are lodged in the protaplasin af the 
cells of Scrioli where they undergo a process Gf transformation by 
which they become spermatosoa, 


The miceny of the spermatid shifts to one pole of the cell, the cytoplasm ol 
which becomes narrow and elongated, The centiosome divides into two parts, of 
which the proximal part remains close to the nclear membrane, The distal cena 
some moves a short distance [rom the proximal part and divides again A threadlike 
Glament grows Iron the fast piece ol the dist centrosome and continues to inceasc 
in Jength until, as the asyial filament, it extends for some distance beyond the cyta- 
plasm. The second piece of the distal centrosome forms a ring about the axial fila 
ment and moves to the pole of the cytoplasm apposite the nucleus, 

‘Lhe cytoplasm between the pioxiinal centrosome and the first piece of the 
distal centiosonie, becames consticted and forms the neck. Between the first and 
second pieces of the distal centrosome, it is reduced to a narrow cylinder, the body, 
A partion of the cytoplasm ts condensed about the avial Mlament and forms the 
spiral filament, The axial filament continues to grow beyond the cytoplasmic body 
and develops a thin menibrane about ts proximal three-fourths, its distal fou 
remitins uncovered, 

“Lhe changes refered to above take place while the coll (spermatid) is embedded 
in the cell of Sertoli, Alter the Gangormation is completed, the spermatozoon lees 
iisell and passes hom the tubule to the epididymis In which ht is stored, 


The spermatosoan, when viewed with ordinary magnifications, is 
seen to cousist of a head, a middle piece or body, and an end piece or 
fail. Che lead is oval in outline when seen in direct view and pear. 
shaped when seen in profile, The middle piece has the form ol a 
protoplasmic cylinder, while the end piece or tail is a long, vibratile 
filament. When specially prepared material is observed with the high- 
est magnifications, the head is seen to consist ol a mass of deeply stained 
material, the condensed chromatin of the nucleus of the spermatid. 
lis anterior third or more is covered by a structureless membrane, the 
galea capitis, its anterior border presenting a sharpened edge, the per 
foratorinm, The middle piece or body is connected with the head by 
a short, constricted portion, the reek, The proximal centrosome forms 
a thickened disc, located at the point where the neck is attached to 
the head. This is known as the anterior end knob, Located at the 
point of attachment of the neck to the body, is a similar disc known as 
the posterior end knob, This is the first part of the divided. centrosome, 
The axial filament begins at. the posterior end knob, extends through 
the body and continues as the vibratile tail of the spermatozoon. At the 
point where the filament leaves the body, it passes through a ringlike 
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disc, the end ring, which is lormed by the second pat ol the distal 
centrosome, Between the posterior end knob and the end ring. the 
protoplasm is condensed to form a spiral blament which is closely 
wound about the axial filament. ‘The tail consists of a proximal portion 
or chief piece, in which the axial filament is enclosed by a thin, proto 
plasmic membrane lor about three-fourths of its length. In the remiain- 
ing Jourth or terminal piece ol tail, the axial filament remains on 
covered, ‘ 

The connective tissue forming the inner loose yvasculia layer of che 
apsule is continued into the testis and around tie seminilerous tubules 
where it forms the stroma of the organ, ‘There is relatively lite inter 
stitial tissue. Through it ran blood and lymph vessels and nerves, It 
also contains the cells usually associated with a loose ConRCCEVE Cisse 
together with the specialized futerstitial cells of the testis (cells of 
Leydig) which are concerned with the elaboration of the male sex 
hornione, fesfosterane. Vhe laver plays an import role in the devel« 
opment and function of the secondary sexual characteristics and in 
the development of sexual instincts, These interstitial cells are con- 
sidered (o be of mesenchymal origin, siuce they arise trom cells which 
cannot be distinguished {rom ordinary fibroblasts, The interstidal celly 
occur singly or in groups between the seminiferous tubules, They are 
large cells, polyhedial in shape and in man they vary in size from 
14-20 inicrons. Fach cell usually contiins a single lage, round, vesic 
ular nucleus (occasionally cells with move than one nucleus may be 
observed) with one or more nucleoli, Che cytoplasin is abundant and 
contains granules and other inclusions, Coase Upoid granules are 
found in abundance in the peripheral pordons of the cytoplasm and 
are thought to contribute to the formation of androgenic hormone. 
Other finer granules are distributed around the nucleus, Also included 
in the cytoplasm of these cells are mitochondiia and. less constantly, 
brown pigment granules and rod-shaped erystalloids, Ta fully developed 
interstitial cells mitotic figures are almost never encountered, 

SPERMATOGENESIS, The production of spermatovoa by the 
division and transformation of the spermatogenic cells in the seni 
niferous tubules is called spermatogenesis. “Vhe process of sperma 
togenesis docs not take place in all seminiferous tubules or in all paris 
ol the same tubule, simultaneously, The spermatogenic¢ epithelium may 
he active in portions of the tubules, while in the other portions the 
spermatogenic cells are in a condition of rest. 

Not only cloes spermatogenesis result in the production of a highly 
specialized cell, but also of one in which the chromatic material has 
heen reduced to the amount represented by one-hall of the sna) nun 
her of chromosomes, 

The spermatogonia are equipped with the lull (diploid) number af 


Ay 


CHE PRSTIS 895 


chromosomes (48 in man). During the period of growth, the chyomo- 
somes unite in paits so that the number tu the primary spermatocytes 
is one-hall that in the spermatogonia (haploid number). Back chvemo- 
some, however, consists of two ol the original ch omosomes which have 
been joined togecher (synapsis), 

When the prinuny spemmacytes prepare to divide, cach double 
chromosomig again separates ina longitudinal plane and splits dans 
versely, forming four chromosomic badies which are known as a fedrad. 
When the primary spermatocyte divides, a dyad (two chiomosomic 
bodies) rom cach tenad passes into each of the resulting spermatids. 
In the division of a secondary spermatocyte, a aonad (a single chromo. 
somic body) fam cach dyad passes into each of the resulting sperma- 
tids, Thus cach spermatozoon resulting from the transformation of a 
spermatid caviies to its union with an ovum the amount of chromo- 
somic material which represents one-half of Uie chromosomes of the 
original cell, 

The diploid number of chromosomes in the human germ cell is 48, 
OF these chromosomes X and Y ave known as the sex chromosomes. 
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Ta, 224. Diagram of spermatogeneals, odgeuests, and fertillvation, Clhuamosome numbers 
five those for nu (Gaurtesy, Bremer Weatherford: "Textbook of Uistology,” Philautel- 
phia, ‘The Blakiston Gompanyd 
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The sperm, alter its reduction to the haploid number, contains the 
material of 24 chromosomes, one of which is either X or Y. ‘The ovin 
after reduction has the material of 2b chromosomes, one af which is 
always X. When the sperm, uniting with the ovum, curies an X choo 
mosome, the resulting individual is a lemale. On the other hand, i 
the sperm carries a Y chromosome, the individual developing hom 
this union will he a male. 

The testes are supplied by branches of the internal spermatic 
artery. These branches enter through the mediastinum: and pass in che 
seplula to the points where they inyade the lobules, in which they 
form capillary networks about the cubules, 

The testes are abundantly supplied with lymphatics whieh arise in 
the interstitial tissue and pass in the septula to the mediastinum, Chere 
they join larger lymph vessels which pass out in the spermatic cord, 

The nerves follow the course of the blood vessels into the interstitial 
lisse, where they break up into fine branches which are distributed 
to the walls of the vessels and to the tubules, : 


SPERMATIC DUCTS 


The spermatic ducts are the tubes which camvey dhe sperniatazoa 
from the seminiferous tubules to the point where they are discharged 





Hic. 22h, Sections duongh the coils af the ductus epididymis, 
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into the prostitic uretdia, They ave sometimes Guled the exeretory 
ducis of the spermatogent ghinds. They include the alraight nibules 
((vbnli rect), the cavernous spaces in the mediastinum (rele testis), the 
duets which convey the seminal thud (rom the rete to the duct of the 
epididymis or the efferent duets (ductuali efferentes), and along tubule. 
‘This latter is more or lesa arbitrarily divided into the duel of the 
epididymis (ductus epididymis), che ductus or vas deferens and the 
ejacniatory duct (ductus ejacnlatoriny), 

THE STRAIGHT TUBULES, The straight tubules (tubuli recti) 
are short ducts formed by the union of the seminiferous tubules in the 
narrow portions of the lobules, dnd they connect the seminiferous 
tubules with the rete testis, Some of the straight Cubules may be found 
in the septula, The epithelium of the seminiferous tubules undergoes 
a radical change as it approaches the Lubuli recti: the spermatogenic 
cells disappear, the Sertoli cells remain as simple columnar elements 
which assume a cuboidal or flattened form in the straight tubules, 

THE RETE "PES'TIS, The rete testis consisis of a number of 
irregular spaces which, by their anastomoses, form an extensive neuwork 
in the mediastinum, Some of the spaces are in the form of narrow 
clelts while others are widely distended, They are lined by law cuboidal 
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or flattened cells, No basement membrane is present, the epithelial 
cells resting directly on the fibrous tissue of the mediastinum, No 
muscle fibers are found in the tissue immediately surrounding the rece 
testis, 

THE EFFERENT DUCTS, The efferent duets connect the rete 
testis with the duct of the epididymis, ‘They are fined by a simple type 
of epithelium made up of alternating patches of wl columar and cue 
hoidal cells. The difference in height of the tvo types of cells pives the 
epithelial lining of the efferent ducts a wavy appearance when seen in 

* section. The cuboidal cells are secretory cells which are arranged in the 
form of smal) glandular invaginations, Because of this arrangement they 
are teferred to as intraepithelial glands, ‘Che cells produce a secretion 
which frequently is observed adhering to the cilla in the form of 
droplets, The tall columnar cells likewise have cilia that heat in the 
direction of the duct of the epididymis, In their cytoplasm are found 
droplets of fat and pigment granules. 

The epithelium of the efferent ducts rests on a thin basement mem. 
brane. External to the basement membrane is a thin layer of circularly 
directed smooth muscle fibers. The duets are bound together and 
supported by loosely interwoven interstitial connective tissue, in 
which the nerve fibers and a few small ganglion cells of the plexus 
myospermaticns may be seen, 

THE DUCTUS EPIDIDYMIS. ‘The ductus epididymis is a single 
tubular structure, but is arranged in a mumber of coils, especially in 
the portion called the head (globus major). It is lined by a psercdo 
stratified columnar epithelium, the basal row consisting of small 
cuboidal cells with deeply staining spherical nuclei while the super 
ficial: calls are call and narrow with elongated nucted which are located 
at. different levels, The cytoplasm of these cells contains secretian 
granules, fat droplets and pigment granules: The free surfaces of the 
columnar cells are provided with cilia which adhere to one another 
and form a flame-shaped tuft. These cilia are nonmatile (stereocitia) 
and are related to the secretory processes of the cells, The secretion 
produced by: the cells of the epididymis is helieved to have av activat- 
ing effect on the spermatozoa, External to the basement membrane 
the wall of the duct consists of-a layer of civeularly arranged smooth 
muscle fibers, which increases in thickness.as the duct extends toward | 
the vas deferens, The blood ‘supply is by small vessels located in the 
strrounding connective tissue which form capillary netvorks about the | 
wall of the duct. The nerves are the fibers and small ganglion cells of 
the plexus myospermaticus, : 

THE DUCTUS DEFERENS, The ductus deferens (vas deferens)’, 
continues from the lower end of the ductus epididymis to its junction: 
with the duct of the seminal. vesicle. It follows a winding course as ik 
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ING, 287. (Top) Section of eflevent ducts. “Note the in 

» arens-of call columnar. cells Interspersed with: patches of | 
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Pid, 284, (Bottom) Pardon of i section of an etferent! duct showing detall of epl- 

ctbolinin Unbig duct. “High Power magnificuiion, Hematoxylin: and -coshy stat. Phote- 
Miceograph, ; - ' : 
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passes upward on the posterior suaface of the epiclidymis, but straight. 
ens out as it enters the spermatic cord. Tis npper end expands into a 
spindle-shaped enlagement, the anpulla, “The wall of the ductus 
deferens consists of a niucosa, a musculais and an adeentifia, which 
is sometimes called the frbrosa. ‘The mucosa includes an epithelium 
which rests on a thin basement membrane and an estemal subepithelial 
tissue or soma made up of delicate, closely compacted connective 
tissue in which clastic fibers ave abundantly present. This layer, which 





Tra 229 Section through xeveral ducts of the epididymis 
Hematosslin and cosin stalin Photamiciograph, 


is ically a stroma, is usually referred to as the Gunica propria, In the 
proximal portion, the epithelium of the ductus deferens is a (wo: 
layered stratified columnar epithelium. Tn the clistal portion, the basal 
layer of cells may be absent, the epithelium consisting of a single layer 
ol columnar cells, Steicocilia may be present in some portions of the 
ductus deferens while absent in others. The muscularis consists of 
three layers of smooth muscle fibers, ‘Uhe small, scattered bundles of 
the inne: layer ave longitudinally directed. ‘Whe middle layer of circu 
lar fibers is the best developed, while the outer longitudinal layer 
consists of scattered fiber bundles. The adventitia is formed by loosely 
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Lit, 280 Section Unough the ductus epididymis, Note the pseudospatified epithelium and 
Uhe sterocilia Photomiciogiaph 


annanged collagenous and efasuc fibers which give support to the blood 
vessels and nerves, ils connective tissue blending with that of the 
spermatic cord. 

In the proximal end of the ductus delerens, (he mucosa is 1aised 
inta tour or five broad, low folds, which give the lumen an itregtular, 
star-shaped appearance, Toward the distal end the lolds become taller 
and narrower. In (he ampulla, secondary and tertiary folds are devel- 
oped, some of which anastomose and enclose recesses or Ciypts. 

THE KJACULATORY DUCTS, The ejaculatory ducts are formed 
by the union of the ductus deferens and the ducts of the seminal 
vesicles, The mucous membrane lining these ducts is similar in range 
ment to that of the ampulla of the vas, The epithelium is simple 
columnar which changes to a transitional epithelaum near the junction 
with the arethra, Immediately underlying the epithelium is a mesh- 
waik of clastic fibers. A muscularis is louncdt only in the (use part ol 
the duct. As the duct penetrates the prostate, the dense fibromuscular 
wall of this gland supports the mucosa of the ejaculatory duct 


THLE SPERMATIC CORD 


The spermatic cord is a fibrous stucttne, extending from the 
internal inguinal canal into the scrotum where it is attached to the 
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Mies 281, Cross section through the ductus deferens (human). (Courteyy, Bremer Weathers 
ford: “'Texthook of Histology.” Philadelphht, The Dhikiston Genpany,) 


posterior wail of uhe testis, In addition to the vas deferens, it contains 
the spermatic (testicular) arteries and nerves and a network of venous 
suuctures known as the pampiniform plexus, “These structures. are 
hound together by fibrous tissue and are enclosed by the fascial exten- 
sions of the abdominal wall which were carried by the testis in its 
descent into the scrotum. 
GLANDS ACCESSORY TO THE GENITAL SYSTEM 
The glands associated with the spermatic duct and which add their 


secretions to the seminal Mluid, ave the seminal vesicles, the prostate 
gland and the bulbourethral glands, 


The SEMINAL Vesicut: 

The seminal: vesicles are two clongated, irregularly shaped, saccular 
glands that are outgrowths-from the vas deferens. Fach vesicle consists 
of a number of-diverticula bound together in a common capsule and 
opening into a common duct; they are usually referred to as oud 
pocketings, The mucosa of these diverticula are raised into numerous 
tall ridges or folds, giving-rise to.secondary and tertiary oles whieli 
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Fig, 282, Section through « stcculadon and portions of uvo others of a-seminal vesicle, 
(M) Mucotis wembrang, (ne ridges af which nye intted to form namevous crypts (alveahu 
mee (Ep) Epithelium. (SL) Lumen, (Up) ‘Tunica propriae (G1) Glandular crypts of 
(he miticosa near an extrenicy of a gacculation, (St) Fibro-muscutar stroma forming die 
walls of the snceulauons, (5) Secretory material occypylug de lumen, 


unite and enclose recesses. or crypts and> give the surface a honey- 
combed appearance, Although some of the crypts. are quite deep, 
they are continuous with the lumina-of-the diverticula, When seen in 
section, the crypts have the appearance of glands, although it is quite 
improbable that they have -any special glandular function. These 
branching and anastomosing folds Jorm that-type of structure known 
as an-alveolar surface: 

The cells-of the epithelium: are usally described as cylindrical, 
varying in height from low. to.high: columnar, The cytoplasm. contains 
secretory: granules; fat, and pigment, which appears. at puberty and 
becomes more abundant with age, The granules are very refractive 
and. stain. with: ivon hematoxylin, They are soluble in acetic acid, The 
| Nuclei of these cells ave large and round or oval with a distinct nuclear 
membrane and one or more nucleoli. The secretion produced in the 
‘seminal vesicles .is.a clear, alkaline, slightly sticky fluid which forms 
A major portion of:the saminal fluid. Tt coagulates into a stringy mass 
when pated) upon by certain heagenl No special function is known, 
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Lie 235%, Secon though @ partion of the wall ef the sontinal vesidle, Henatass tin and 
covin stun, Bhotomicopgraph 


but (in some animals) it forms a vaginal plug for the retention ol the 
sperm iu the uterus, 

The epithelium rests divecdy on the undertyitig issue, Phere is 
no basement membrane, ‘The tissue which lies external to the epi 
thelium consists mostly of elastic libers, altbaugh a lew collagenous 
fibers are present, his sooma is enclosed by a thin layer of smooth 
muscle fibers which are cheululy aranged for the most part, Outside 
of the muscular coat, the wall consists of a layer of fibroclastic tissue 
supporting the blood vessels and nerves by which the vesicles are 


supplied, 
Lith PRostaAth GLAND 


The prostate gland is a diangular body about the shape and size 
ola chestnut, Lt lies with its base applied ta Ure interior surlace af the 
bladder, its apex being directed downward, ‘Ihe prostaiie portion of 
the wetira extends the entire length ol the gland and the ejaculatory 
ducts penetrate the wall of the prostate gland to join the prostatic 
portion of the urethra. 

The prostate is cnveloped by a capsule of libroclastic tissue, the 
inner layer of which contains smal) bundles of smoath muscle fibers. 
Its framework consists of fibrous tissue which extends inta it from 
the capsule, This includes a broad, median septum, extending dorsally 
from the ventral surlace, and a niunber of septa, consisting of fibro: 
clastic and musctilar tissue, which reach from the median sepium (o 
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tic. 204. Prostate gland. (My) Mediuut septum, (Ut) Prostatic metha, (Col) Colliculus 
seminalis (ciista wetlialis), (Dej) Ljaculatory duct. (Sp) Septal connective tasue, (Gl) 
Lobitles of ghimduln tissue, (148) Lobula ducts 


the capsule, ‘These septa divide the gland into a number ol compart- 
ments or lobules, in which the glandular tissue is located. he median 
septtim encloses the prostatic portion of the urethia, 

The smooth muscle fibers which are present in the capsule are 
continued into the septa, and constitute about one-fourth of thie 
substance ol the gland with the connective tissue comprising another 
fourth, A‘little more than hall of the prostate consists ol glandulat 
Lissue. 

The prostate gland is made up of a number of branched tibulo- 
silveolar glands with their accompanying ducts, From 15 to 20 lobular 

» ducts open into the urethra, These duets, as they pass outward into 
the lobules, divide repeatedly, their branches ending in expanded 
tubules or alveoli’, Whe alveoli are lined by a simple columnar or 
cuboidal epithelium, the cells of which rest on a thin layer of fibrous 
lisse, Basal cells may be present, The cytoplasm of these alveolar 
cells contains secretory granules and lat droplets. The nuclei are 
clearly ¢lefined and are oval in shape and vesicular, The secretion is 
a slightly alkaline fluid, having a milky appearance and a characteristic 
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Fre, 285, Section chrough the prostate gland. (01) Prostatle duet. (St) Flbroamuscutar 
stroma, (Da) Duct alveoll. (Ta) ‘Terminal ulyeoll (fc) Prostatic concretion, (By) Mood. 
veasels, # 


odor, It exerts a stimulatory influence on the motility, of the sperma 
tozoa, alkalizes the acidity of the vagina and coagulates the fluicl.o 
the seminal. vesicles, 

The alveoli appear to be quite irregular in form, ‘Chis is due to-th 
folds of varying heighe into which their walls are raised. The epi 
thelium frequently appears to be two-layered, especially where i 
passes over the taller folds: (a. surface layer of columnar cells and 
basal layer of cuboidal cells). -Saccular and tubular diverticula ‘occu 
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Hic, 286, Section of prostate gland. Note ihe corpus aniylaceiis In ihe lumen of one of the 
alveoli, Flenntosylin. and cosh stain, Photomicrograph, 


long the course of the ducts, These diverticula are known as the dict 
alveoli, in contrast to the branched and expanded structures in which 
the ducts end, the terminal alveoli. The lobular ducts ave lined. by 
a simple columnar epithelium which continues almost to their junction 
with the urethra, where it changes to the transitional form, 

The larger and more expanded alveoli, especially in the prostates of 
older people, contain round or oval bodies called prostatic concretions 
(prostatic calculi), These concretions are light brown in color and are 
formed in concentric layers, the outlines of svhich are faintly visible, 
Their starchy nature is indicated by their reaction to iodine and they 
are sometimes called amyloid bodies (corpora amylacea), 

The colliculus seminalis (crista urethrae) is formed hy a thickening 
of the prostatic tissue which constitutes the dorsal wall of the urethra 
and into which ic extends as a mound-shaped elevation, This elevation 
is covered hy a continuation of the transitional epithelium which lines 
the urethra, except. on its sides where extensions of the urethra form 
deep furrows known as the prostatic sinuses. The prostatic sinuses are 
lined by: a_ stratified columnar epithelium, The epithelial cells rest 
on a substratum or sévoma (sometimes referred to as a tunica propria) 

_ of connective. tissue, This -tissue-is richly supplied. with elastic fibers 
and is continuous with thatof. the median sepium, : 
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Tia, 287, The prostatic meth showing the selatlow of the media to the collins 
sentially (crtata wvethvalls). (Un) Prastitte media, (Uh) Utdentis, (bd) Bjaculatory duct 
(Pis) Prostittic (avediial) sim, 


At the summit of the colliculus, a small, slidike opening leads into 
a tubular structure, the nbicudis prostaticus (uterus mascitinis), which 
represents the lower end of the Miillerian duet. ‘The ua iculus is dined 
by a simple columnar epithelia and may extend for some distance 
in the dorsal direction in the gland, The ejaculatory ducts, which are 
lined by a wansitional epithelium as they pass through the colliculus, 
open into the urethra on cither side of the utviculus. Portions of the 
glandular tissue of the prostate are also present in the fibrous issue 
of the colliculus, Blood vessels which enter with the cjaculatory ducts, 
form a plexus of thin-walled capillary structures, giving che colliculus 
the appearance of being supported by erectile tissne. 

The blood vessels supplying the prastate enter the capsule at 
various points, their branches passing into the gland in the septa. 
Small branches from the vessels in the sepia extend into the lobules: 
where they break up into capillaries which form networks about the 
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alveoli, Che veins take theit origin trom the capillaries, aud passing, 
into the septa, accompany the arteries to the capsule, where they form 
ap extensive nelwork, the bianches of which convey the blood fon 
the gland, 

The lymphatics arise in the connective tissue of the lobules and 
follow the comse of the arteries to the surface of the gland. 

‘The nerves are mainly unmyelinated fibers trom the autonomic 
system. Same ol these fibers came tuto association with small ganglion 
cells in the capsule aud septa. Posiganglionic fibers pass to the walls 
of the blood vessels, the bundles of smooth muscle fibers and, prob- 
ably, to the walls of the alveoli, Sensory fibers also enter the gland 
and end in relation to special sensory structures in the capsule, 


‘Cue Burgrourerurar GLANns 


The bulbourethial (Cowper's) glands ave located close to the 
membranous urethra, They are about the size and shape of a pea, 
although they often present marked irregularities of lorm, They ¢om- 
municate by ducts of considerable length with that portion of the 
urethia which is located in the bulb of the corpus spongiosum, The 
glands are ol the compound (ubuloacinar (alveolar) type, that is, they 
may end in rounded sacs or elongated tubules, "The glandular tissue 
is divided into small lobules by fibrous septa which are continuations 
from the capsule, and like the capsule, consist of collagenous and 
clastic tissue, Both smooth and striated muscle fibers are present. ‘Che 
striated fibers are derived trom the deep perineal muscles, ‘The cells 
with which the secreting portions of the glands are lined are, asa rule, 
pyramidal in form. Tlowever, they may be low columnar or cuboidal, 
the shape and size of the cells varying with the degree of their func. 
(ioual activity, Ta acini which are distended by an excess af secretary 
material, the cells may be decidedly Mattened. The nuclei are located 
in the basal portions of the cells, The cells have the appearance of 
heing filled with a mucoid substance and in addition they contain 
bodies which stain with the acid dyes. The secretion of the glands is 
a clear, viscid fluid with a strong alkaline reaction and it aids in 
neutralizing the acidity of the vagina, 

The snialler ducts are lined by a cuboidal epithelium and have 
outpocketings which resemble the secretory portions of the glands. The 
larger duets are lined by a simple columnar epithelium, while near 
their outlets the epithelium is of the stratified columnar type. 


THE PENIS 


The penis is an clongaled organ consisting of three cylindrical 
bodios: the two corpora cavernosa are dorsal in pasition and the third, 
the ¢orpus spongiosum (corpus cavernosum urethrae), is ventrally 
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placed. Fach of these bodies is enveloped by a dick (Eo nin.) sheath 
of densely compacted fibrous tissue, the fried albugimea, the tbers 
being longitudinal in dircction in ils outer portion and chentar in 
ils inner pottion, ‘Phe portion of the (unica albuginea whieh is con 
tinued between the corpora cavernosa is called the median seplin, “Lhe 
miedian sept is not as svongly developed as the other pais of the 
albuginea and in ity anterior portion, is pierced by numerous aper 
tures through which the blood spaces in the corpus cavernosum on 
one side can communicate with the spaces in the corpus cavernostan on 
the other side, The sheath about the corpus spongiosum is chimer 
and more clastic than that about the corpora cavernosa, "Phe corpus 
spongiosum encloses the penile portion of the methra, which extends 
its entive length, Tt ends in a cone-shaped enlargements the gles penis, 
in which the (erminal portion of the aredira is expanded to fort the 
fossa navicularis, 

The body or shaft ol the penis is covered by a thin layer of skin, 
‘The subcutaneous tissue betveen the skin and the unica albuginea 
is iclatively thick and contains a considerable amount of smooth 
muscle, resembling in this respect, the darios of the scrouum, Except 
at its hase, the penis is devoid of hair, although a few sweat and 
sebaceous glands are present, ‘The skin turns over the glans in the 
form of a fold which is called the prepuce, Che uuder surtace of this 
fold is supplied with a number of modified sebaccous glands, the 
glands of Tyson, ‘The skin over the glans is deeply papillated, 

Connective tissue extends from the tunica albuginea into the 
corpora cavernosa and coipus spongiosum, Jorming the vartaw trabec- 
ulae between which are lage venous bleod spaces called lacunae, 
The trabeculae and lacunae together constitute the erectile tissue ol 
the penis, Besides the fibroclustic tissue ol which they are composed, the 
trabeculae are well supplied with smooth musele fibers, Che walls of 
the blood spaces consist of a layer of thin endothelial cells which tie 
directly on the fibromuscular tissue of the (rabeculae. 

The lacunag, in the central portion of the corpora cavernosa, are 
larger and the Wabeculae thinner than in the peripheral portion. In 
the flaccid condition ol the organ, Ute lacunae are collapsed and appear 
as narrow, irregular slits in a stroma of connective Lissue, 

The erectile tissue in the corpus spongiosum consists of small 
lacunae between relatively thick trabeculae and is continuous with 
the venous plexus in the mucosa of the urethra, 

The penis is supplied with blood by the uvo branches of the penile 
artery. The superficial brauch, the arteria dorsalis, lying in the con 
nective (issue above the corpora cavernosa, is accompanied by the 
dorsal veins, The divisions of the deep branch, arteria profunda, run 
lengthwise in (he corpora cavernosa, 
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The flow of blood through the penis depends on whether it is in 
a flaccid or rigid condition, Branches from the dorsal aitery extend 
to the albuginea, where they form a neuvork trom which branches 
pass into the Luger abeculae of the corpora cavernosa, “Vhese branches 
communicate Lmough intervening capillaries with the cenual lacunae, 
From the cenual lacunae the blood passes through small vems to the 
peripheral lacunac, which are smaller than the central ones, and 
finally by venous branches to the plexus in the albuginea, This uhti- 
matcly communicates with the deep veins of the penis which convey 
the blood liom the organ, 

The deep arteries, which furnish most of the blood to the corpora 
cavernosa, send many branches into the trabeculae between the central 
Jacunac, “Vhe muscular portion of the wall (media) of these vessels is 
very thick, Their length is such that when the tissues of the penis are 
relaxed, they are coiled about in such a way that they frequently 
project into the lacunae, These vessels are known as the helicine 
arteries, The intima of the helicine arteries is thickened by bundles of 
Jonpitudinal smooth muscle fibers which form cushionlike pads that 
project into the lumina of the vessels, When the arteries are contracted, 
this pad scarves as a plug and allows ofly a small trickle of blood to pass 
through into the central lacunac. From these lacunae it is borne by 
small vessels into the peripheral lacunae, through which it flows into 
the venous plexus in the tunica albuginea. During erection the helicine 
arteries are straightened and relaxed, the blood flowing through them 
lreely into the central lacunae, which become distended by the 
increased pressure of the added supply of blood. These distended 
central lacunae press upon the smaller peripheral lacunae, thus check- 
ing, or at Jeast recucing, the flow of blood into the venous plexus of 
the albuginea, Some drainage of the central lacunac is eflected by a 
series o! special veins with funel-shaped valves which open directly 
from their walls. However, the flow of blood out of the lacunae is 
impeded to the extent that the organ attains a condition of extreme 
rigidity. 

The penis returns to the flaccid condition by the contraction of 
the helicine arteries, This shuts off the increased Now ol blood from 
the deep arteries to the contral lacunae ard permits the special veins lo 
empty them, The pressure on the smaller peripheral lacunac is soon 
reduced and the flow of blood through them is redstablished, The 
emptying of the lacunae is aided by the smooth muscle fibers in the 
trabeculae, which are able to contract clfectively as soon as the excess 
pressure af the dilated lacunae is removed, 

The corpus spongiosum does not auain the same degree of rigidity 
during erection as the corpora cavernosa, duc to the greater elasticity 
of its connective tissue, the thickness of its Wabeculae, and to the fact 
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Vic, 298, Sections Hom different parts of the mule wiethia showing changes fn che char 
acter of the epithellum, (a) New the bladder. (b) biner portion of provatic part. (©) Qutet 
pordon of prostatic part. (d) Dinphengtnacte part. (@) Ampatla (0) Middle af cavernous part 
(a) Loner pare of fossa navicularis showing goblet cells. (h) Outer ease of fos navicudads. 
(After Stieve ) (Courtesy, Bremer Weatherford: “Textbook of [Estalogy," Pifladelphia, The 
Makiton Gompuny.) 
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that the peripheral lacuimte die us darge as the central ones. Less 
obstruction to the flow of blood 1s thus oflered. 

The lymphatics aise fom capillaries in the Uabeculie of the 
erectile tissue, the mucosa of the wedna and in the skin. They dram 
into nearby lymph nodes, 

The nerves ue fiom both the spinal and autonomic centers, Che 
autonomic fibers are distibuted to the walls ol the blood vessels and 
to the smooth muscle fibers in the crecule tissue, “Phe sensory fibers are 
trom the spinal nerves and cud ia special sense oigans in the dermal 
papillac (Afeissner's corpuscles) and un the deeper portions of the sub- 
dermal connective issue (Pacinian corpuscles; end bulbs of Krause; 
gentlal corpuscles), Fibers trom the third and fourth sacral nerves, 
the nerui erigentes, pass with the autonomic fibers to the erectile 
tissue and are iclated to the act of erection, because the later does 
not occur when these nerves are cul. 





Tus Urerina 

The male urethra presents three divisions: the prostatic, the 
membranous, and penile divisions. ‘The penile division is sonietimes 
referred Lo as the “spongy urctira,” “he prostatic division hus already 
heen described (sce colliculus seminalis, p, 407). ‘Phe membranous 
urethra is a short segment extending from the apex of the prostate 
gland to the urethral bulb of the corpus spongiosum. tts wall consists 
ok a stratified columnar epithelium resting an a thin, subepithelial 
stroma. lhe muscular coats external to (he shoma consist of a thin 
layer of longitudinally directed smooth muscle fibers and a thicker 
outer layer of circular, smooth musele fibers, 

The epithelium of the penile urethra remains stratified columnar 
undil it changes to the stratified squamous form in the fossa navicularis, 
the epithelial lining of which is continuous with the integument ol 
the glans penis. 

About the outlet of the bladder the muscular coat is a relatively 
thick Jayer of circular fibers. From here it giadually diminishes in 
thickness until it begins to disappear a short distance beyond the 
membranous uretira, first from the lower part and then tom the 
upper part of the urethral wall. As the fibers of the intrinsic muscular 
coat diminishes, their place is taken by the smooth muscle fibers of 
the surrounding spongy tissue, 

The urethra gives rise ta a number of glandular structures known 
as the urethral glands of Littrd, These are of two kinds: the short 
glands, which are saccular outpocketings of the urethral wall, and the 
long glands. "The short glands occur along the entire lenpih of the 
urethta and are lined by a columnar epithelium, The long glands are 
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provided wich ducts which extend Cov sane dishtnee posteriorly, uheir 
course being parallel with that of the urerhaa Phese duets end ina 
minber of brauched tuladar alveoli whieh are lined hy as simple 
columnar epithelia. ‘The epithelium of the arethea lrequently forms 
tubular, nonglandula depressions, the wrethral erypls, into whieh the 
ducts of the ghines of Cité apen. 





SS RS RO ERE OE 





The Female Reproductive Organs 







The female reproductive organs are the ovaries, the oviducts 
(uterine or Fallopian thes), the werus, and. the vagina, The external 
genitalia consist of the (wo labia (majora anc minora), and the clitoris. 


y part.of 
gs Ste fare of Ihe gcc ech 
Ovary 
\ Uterine Tube 


Broad 
Ligament 


Cervical 
Canal 


Row Li : 
wn fe A i Oe Uleri 
7 : externum 


Hdl OUlL sane Viewed dn ventral 

«des Menschen.) Vagina, 

internal .confignration. 
sakiston” Company.) 







reproduction: since their 
ing, but since they are mor 
elated to the skin they. have been 


a 
AMG THL TLMALL REPRODUGTIPL ORGINS 


TUF OVARIES 


The ovaries are slightly flattened, ovoid bodies located on each side 
ol the body in the lower abdominal cavity. The size ol the ovaries 
varics somewhat in different individuals, however, on the average 
they are about 3 cm. long, 2 cm, wide, and 1 om, thick. Fach ovary iy 
fastened to the broad ligament of the weirs by means of a fold of 
connective tissac known as the mesovariim, which attaches alang the 
hilum and the border of the ovary. “Phe mesothelial cells which foun 
the external layer ol the mesovarium end abruptly at the hilum and 
are succeeded by a layer of cuboidal cells which constitute the ger. 
minal epithelium, the layer that covers the surlace of the ovary, The 
fibrous tissue of the biaad ligament is continued through the meso. 
yarium into the ovary in which it spreads out and forms the stroma 
of the medulla, 

The ovary is divided into two zones: an outer portion, the corte, 
(zona parenchymatosa) and an inner portion, the medulla (zona vascu- 
losa), The tissue of the cortex blends gradually into the disse of the 
medullary portion, 
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Me 240, Schematic diagiam of ovary showing sequence of events In orlgin, growth, 
and rupture of ovmlan (Giaahan) follde, and formation and iehogiession of corpus 
luicnm. Follow cothwise mound ovay, sindng al mevwntun, (Comtesy, Patten: 
“Tuman Fimbryology,” Philadelphia, ‘Lhe Blakiston Company.) 
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Lic, 24h Mom a section of a rabbits ovary, 240 XX. (Courtesy, Bremer Weatherford: 
“Lextbook of Ulstotogy,."” Philadelphia, ‘Lhe Blakiston Company.) 


The cortex, which surrounds the medulla except at the hilum, 
consists of a connective tissue stroma whose fibers are more or less 
loosely interwoven in all directions and contain numerous spindle. 
shaped connective tissue cells, Scattered dhoughout this cortical strona 
ae the ovarian follicles, Unclosing the cortex and separating it from 
the germinal epithelium is a thin layer of densely compacted fibrous 
tissue known as the dunica albuginea. The fibers of this layer are more 
regularly aranged and there are fewer cells than in the adjacent por 
tton ol the cortex, External (o the tunica albuginea are the cells ol 
the germinal epithelium which rest directly on this devse (thious layer 
(apparently there is no intervening basement membrane), In whe young 
ovaty these cells are cubvical, becoming Ilattened in the adult stage. 
The surface ol the ovary is marked by a number of irregular, more 
or less spherical bulgings due to the presence of the characteristic 
siractures al the ovary—the ovarian ov Graafian follicles, These follictes, 
which are located only in the cortex, may become so distended with 
lollicular fluid as they mature, that they have the appearance of being 
partly located in the medulla. 

The medulla consists of a fibroclastic stroma which is continuons 
at the hihun with the connective tissue of the broad Ligament. [ts 
loosely interwoven tissue contains numerous blood and lymphatic ves- 
sels and nerves. In the region of the hilum, smooth muscle is sertered 
throughout this tissue, In some ovaries there are also vestigial fetal 
structures in this area. These structures usually appear as tubules or 
strands of épithelial cells, and represent remnants of the embryonal 
inesonephros. 

The follicles ave the structures which are associated with the devel 
gpment of the ovum, They vary in number depending on the ape of 
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the individual, being mote nimmerous ar newbour inbuacs thn in 
later years. The estimates that have been made wiry se widely that ne 
defmite starcement can be given as to the muntber present at any given 
period, tt is probable that the toa) uumber (in both oviutes) at the 
Uime ol birth, exceeds 100,000, ‘Chis number diminishes as age ad- 
vances, $0 that at the close af the childbearing period or shortly Chere: 
after, the Collicles have alinost disappeared. Dining the dime between 
sexual maturation and menopause, it has been estimatect that about 
400 mature ova are produced, the rest of them wlegenerate ancl never 
reach maturity, 

According to the stage of development in whieh they appear, the 
follicles are sometimes designated as primary, intermediate, and mative, 

The primary Jollicles arise Lom the cells of the germinal epithelium 
during the period of embryonic development and occur most abun 
dantly in the ovaries of the young, They are located ta the part ol 
the cortex which lies immediately beneath the tunica albuginea, tn 
fact they are so muncrous in this region that it might almost be con- 
sidered as a separate layer, ‘The diameter of a primary follicle varies 





Tho, 242. Two photomlerographs (200 X) of the human ovum. (Left) Tluman odcyte 
fiom a follicle 14 mim. in diameter which was about ready to rapture, (After Suteve) 
Note the ghnomosomes of the fist maturation division and the radially ange solllele 
cells constituting the so-called “cotona radia." (Right) LLumuan ovuin washed out of 
the utetine tube, Photogiuphed before fixation. (Garmegic Coll, 6289, courtesy We Th 
Lewis.) Note the thickened zona pellucida and the lose of the cells which constituted te 
corona radiata. "Lhe small, highly rehadive meas tu the cytaphism ae due to Hpold 
choplets, (Courtesy, Patten: “Lluman Enebryology,” Philadelphia, ‘Lie lukiston Cont: 
pany.) 
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between 40 and 50 micions, each lollicle consisting ef aia ovum 
enclosed by a capsular anangement of flattened, follicular cells. The 
ovuin is a large cell, having a pale staining granular cytoplasm and 
a vesicular nucleus which is slightly cecentric in position. Vhe nucleus 
is enclosed by a shatply defined mudear membrane and condiins at 
wide-meshed neavork of Linin fibets and a scanty amount of gramuar 
chromatin, A deeply stained, spherical nucleolus is also present. Ex 
ternally the follicle is surrounded by the connective tissue of the 
cortex, In the primary tollicles the nucleus may be enveloped by a 
fight area ol pianular cytoplasm which is called the vitedline body or 
yalk nucleus of Balbiani. 

A relatively small number of the follicles reach maturity, If they 
do, the process by which the mature condition is attained, may be 
indicated as follows: 

Stage 1. The ovum increases in size, Yolk granules appear as highly 
refractive, spherical bodies in the cytoplasm. A distinct cell membrane 
is developed about the surface of the ovum, which gradually increases 
in thickness and forms the zona pellucida, The follicular cells become 
first cuboidal and then columnar, and multiplying by mitosis, sur- 
round the ovum with several cell layers, As the process of growth 
continues, the follicle shifts itg position from the periphery to the 
deeper part of the cortex, The object of this shift is to secure a more 
favorable location in the stroma for its continued expansion, 

Stage 2. As the lollicle continues to increase in size, small spaces 
appear berween the cells, These spaces are formed by an accumulation 
ola clear, watery fluid which presses the cells apart. With the continued 
growth, these spaces enlarge and finally unite to form a single cavity 
which is filled with the follicular fluid, From this point the growth of 
the follicle to the mature condition progresses rapidly. 

Stage 8. In this stage the mature condition of the follicle has heen 
attained. [ts wall consists of several layers of cells, the sradium granu 
losuin, Which encloses a large cavity, the anirum, The antrum is filled 
with a clear, watery fluid, the liquor folliculi, in which there is a 
considerable amount of protein. When precipitated by the reagents 
employed in the preparation of the tissue, the follicular fluid has a 
granular appearance. 

The ovum cloes not come into contact with the Muid in the antran, 
but is embedded in a moundlike accumulation of follicular cells, the 
cumulus odphorus, or discus proligerus, The cells of the cumulus, 
which immediately surround the ovum, as well as those at the periphery 
of the follicle, are columnar, while the cells which border the anu 
are more or less stellate in form aud are said to have anastomosing 
processes. The remaining cells of the stratum granulosum are poly- 
hedyal in form. 
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‘The connective tissue immediately surrounding the lollicle is ors 
ganized to lon a capstla investnent, the deca fallrcaudi, Uhis consists 
ofan outer fibrous and an iuner vascular layer. “Uhe outer layer is 
formed by Closely ditenwoveu collagenous fibers and their tibrablasts 
and is known as the (hee externa. Vhe tibers af the vascular layer 
are more loosely arranged and support numerous blood vessels, This 
layer is known as the ¢hecw interna, The connective tissue cells al the 
theca interna increase in size and accumulate in groups near the sur. 
face of the stratum gianulosim, No clearly defined line of division 
exists between the fibrous and vaseulur layers of the theca, 

The tully matured: Graafian (ollicle is a burge vesicular structure 
occupying the entire depth of the cortex, a portion of which is [re 
quently pressed into the medulla, Due to a continued increase in the 
amount of the follicular fluid, the intralollicular pressing citnses the 
vesicle to expand and form a rounded bulge on the surface of the ovary. 
The wll, columnar cells surrounding the ovum are racially arranged 
and are known as the corona radiata. In the Graalian lolticle, the ovum 
has come to he a large cell with a diameter of 100 microns or more, 
lis cytoplasm is filed with highly reliactive, spherical gramules of a 
substance known as deuferoplasm (yolk). Its large, vesicular nucleus 
is eccentric in position and is enclosed by a sharply delined nuclear 
membrane, Tt contains a network of lini fibers and a lew, acattered 
granules of chromatin, The nucleolus is large, spherical and stains 
deeply, 

‘he cytoplasm of the ova is enclosed by a thick menibrane, the 
zona pellucida, It scems very likely that the zona pellucida is the 
product of the follicular cells, Te has a stdated appearance, due to 
the presence of minute channels through which delicate protoplasmic 
processes from the cells of the corona radiata extend lor the purpose 
of conveying nutritive material to the ovum. Yolk granules are absent 
from a narrow area immediately bencath the zona pellucida, Chis area 
is known as the pertuitelline space, 

‘The discharge of the ovum from the Graafian follicle is known as 
ovulation, The mature lollicle moves toward the surface al the ovary, 
clefts appear between the cells of the cumulus which becomes loosened 
from the stratum granulosum, Swrouuded by a lew cells of the cma 
lus, the ovum floats more or less Iveely in the Liquor lolliculi, The 
pressure of the constantly increasing amount of fluid causes the wall 
of the follicle to expand and become quite thin, especially in the area 
that bulges above the surface ol the ovary where it is mot supported 
by a surrounding stroma. An area in the bulging wall, known as the 
stigma, becomes particularly attenuated and avascular, Rupture occurs 
at the stigma and the follicular fhuid, together with the ovum in ils 
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corona radiata, oozes trom the opened wall, ‘Tbe process is gradual, 
nol cataclysmic as has been claimed by some wi iters. 

Various explanations have heen presented to account (ar the Lup. 
ture of the follicle and the discharge of the ovum, but none ol those 
which have been oflered is completely aceeputble, 

Ovulation in humans oceuis normally at regular periods of about 
28 days. The vnpture al the lollicle usually does nat coincide with the 
menstiual periods, but takes place during the intermenstrnal phase, 
Ordinarily a single ovum is discharged at each ovulation, although two 
or even more may be liberated at one time. The evidence favors the 
belio( that the ovaries alternate in the maturation and discharge of an 
OVLUn, 

The conditions which insure the passage of the ovum into the 
fimbriated end of the Fallopian tube (uterine tube or oviduct) are 
obscure, Observations which have been made on same af the lower 
animals indicate that the fimbria ave clasped about the surface of the 
ovary during this time and that the ovum is carried into the duet by 
currenis formed through the action of the cilia which are borne on 
the free surface of che cells lining (he fimbria, Passage of the ovum 
along the tube is effected primarily by contractions of the tubal mus- 
culature, the cilia playing probably no more than a minimal role, 
Kxperiments have been perlormed which show that if one ovary is 
vermaved and the tube on the oppasite side is Ged av removed, the 
ovum expelled from the remaining ovary may cross the pelvis and 
gain access Lo the uterus by way of the opposite, patent uterine tube, 
Ifowever, no active migration of the ov may be involved since 
observations during operations on women indicate that the fimbria 
of one tube may be applied to the opposite ovary. 

Of the primary (ollicles contained in the ovary at birth, only a 
relatively small number reach maturity. The majority degenerate and 
disappear, The progressive change which ends in che destruction and 
removal of the follicles is catled a/resia, The period in which these 
degenerative changes are most active, is between the time of birth 
and the age of puberty. After puberty atretic changes take place ata 
somewhat slower rate. In fallicles which are undergoing atresia, the 
ova shrink and break into fragments. This cellular debris is ingested 
by the follicular cells, which in turn degenerate and are finally 
destroyed, In the cortex, the place which was occupied by the follicle 
becomes filled with fibers from the surrounding stroma, 

In the follicles in which the growth process has begun, the changes 
follow a similar course up to the replacement of the degenerative ova 
by connective tissue from the stroma, In these follicles, however, the 
zona pellucida may remain as a folded glassy membrane altec the ather 
elements have disappeared, 
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The process which leads to atiesia of follicles that are approaching 
mautrity is somewhat more complicated. ‘The cells of the statum 
granulosum become softened and float of into the follicular Nuid, 
Those which ling the antrum are the fist to be allected, while those 
surrounding the ovum resist the change lor a imuch longer time, The 
connective Lissue from Lhe theca interna pushes its way into the follicle, 
The theca itself becomes folded, and its cells, whieh develop a yellow 
color due to an accumulation of hein pigment resemble a corpus 
luteum (corpus Lideun atretica), After the degeneration of the ovum, 
the zona pellucida persists ina collapsed condition and may be identi- 
fied in the mass ol degenerated follicultr tissue, The fibroblasts of the 
theca interna are Wranslormed into luge, polyhedral cells which are 
broken up into groups by the invasion of bands of fthraus tissue, These 
groups of thecal cells may persist for some time in the tissue of the 
cortex where they are known as interstitial cells. Tuterstitial cells ame 
More numerous in the coves of the avany during the earlier years of 
life, They soon degenerate and disappear, however, and are rarely 
found during the later years. 

It appears lo be fairly well established that the interstitial cells do 
not, form a secreting body in the tissue of the human ovary, as was 
once supposed Lo he the case, ‘These cells are from the theca intena 
of the atretic follicles, which accounts for their abundanee during thé 
earlier years of tile, when lollicular atresia is most actively taking place 


* MATURATION OF THE Ovum 


The ovum is formed by a succession of divisions by which the 
chromatic material of its nucleus is reduced to an amount representing 
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one-half of the normal or sonnuic number of Chromosomes, Lhe process 
by which this reduction is accamplishedt is callecl maturation, 

The cells from which the ova ae derived, and which conlespond 
lo the spermatogonia, ae called eagonia. Several generations of these 
cells are produced diving the penod of embryonic development. At 
birth the majority of the odgonia have passed though a period of 
growth, their chiomosoncs uniting by synapsrs to form one-hall the 
somatic (Aaploid) munber. The cells in which this has tiken place 
correspond to the primary spermatocytes, and are known as primary 
oocytes, “Che secondary odcyles, which cariespond to the secandary 
spermatocytes, are devived from the primary odcytes by division, Each 
chromosome splits longitudinally and transversely, torming a tetad. 
A small globule of protoplasm protrudes from the side of the ofcyte. 
Tt receives a dyad liom cach tetrad and is pinched ofl, forming the 
first polar body, This is followed by the reorganization of the spindle, 
and the extrusion, fiom the body ol the cell, of another globule of pro- 
toplasm which receives a monad from cach remaining dyad, and is split 
off trom the parent cell to form the second polar body, The cell, which 
corresponds to a spermatid, is now a fully matured ovum and is pre- 
pared by this reduction of its chromatic material for union with the 
sperm (fertilization), Aluhough the time relations for these maturation 
divisions in the human being are uncertain, it is believed that they 
ae similar to chose in most other mamnials, As a rule che first polit 
hody is produced shortly before ovulation, and the remmining chromo: 
somes proceed immediately to form a spindle figure, However, the 
second division is not completed until after ovulation and fertilization 
have occurred, 

Ovulation is followed by certain changes which take place in the 
follicle, Alter liberation of the ovum, the wall of the lollicle collapses 
and is arranged in a series of lolds, The theca externa remains un- 
changed. The fibroblasts of the theca titerna increase in number, 
become hypertiophied and collect in masses in the angles between 
the folds of the stratum granniosum, A small amount of blood from the 
capillaries which have been ruptured by the passage of the ovum flows 
into the cavity of the follicle and mingles with the fluid that remains, 

Following the clischarge ol the avam and the collapse af the lollic: 
ular wall, the cells of the stratum granulosum enlarge and there is an 
increase in the number of cell layers. ‘The cytoplasm of the cells ac 
quires a lipoidal substance, called lutein, Cells containing this latein 
substance are called dufein cells, and the follicular space which is now 
pardly filled with these cells is known as the lufein body or corpus 
fulewm, The bunan corpus luteum rarely, if ever, becomes a solid 
hady as is true in some other mammals. 

Strands of connective tissue and small blood vessels penctrate be- 
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nveen the lutein cells and fount a highly vascular heyer deat cavers the 
inner surface ol the ruptined follicle, The cetls bom the theca interna, 
which have accumulated in rises between Uke lolds al the carpus 
luteum, also develop lutein in their cytoplasm (dhecad hedein cells), 
and differ Lrom the lutein cells of the granulosa Qoduulava lutein cells) 
only in being somewhat smalla. “The huni corpus tarcume reaches 
its highest development about 12 days after ovulation and has a slighty 
yellow color due lo the lutein in the cells, te is ctlled a cat puts laden 
of menstruation or corpus Liew sproden aud dnough the produc 
lion of progesterone and estrogen plays wn import vale in the post 
ovulatory phase of the menstud cycle, 

Uf the discharged ovuni escapes fertilization, menstyuation follows 
in about 14 days alter ovulation as a result of failing funetion al the 
corpus luteum. Degeneration ol the corpus dateum, apparently due 
to the lick of continued stimulation by gonadotraphic hormone, can 
be first detected in the lutein cells where the lipoidal droplets are 
enlarged and coilesced. The cells decrease in size and connective Cissue 
increases, In some instances blood is extravasated (rom die capillaries 
and may accumulate in the central cavity together with a loose gelat- 
inous connective Ussue. Hyalinization follows slowly and the size of 
the corpus luteum decreases progressively, Alter a period of several 
weeks the entire structure isa whitish sci, the corpus albicans, which 
will persist for many months. Its function ceases belore the onset of 
menstruation, 

IL the ovum is fertilized, conditions arise which cause the carpus 
Iuteum to become more persistent. "These conditions are nat known 
with any degice of certainty, but it is supposed that the production 
of gonadotrophin by the implanted ovami is responsible for the main 
tenance of the corpus hiteum, Co is then known as the fue corpus 
lufeum (corpus ileum vernm), The corpus verum is appreciably 
larger than the corpus spurium and its constituent cells me both larger 
and more numerous, Production of progesterone and estrogen increase 
during this time. Farly in the thiid month of pregnancy the corpus 
verum undergoes degenerative changes. These proceed throughout the 
remainder of pregnancy and while the corpus is present at the time of 
childbirth its hormonal activity has ceased some time earlier, Indeed, 
the human corpus luteum may he removed relatively carly in preg. 
nancy without interfering with the maintenance of pregnancy. This is + 
possible since the placenta assumies the role of producing progesterone 
and estrogen, . : 


TUE OVIDUCTS 
On being discharged from the ovary, the ovum passes to the uterus 
through the oviduct ov uderine tube, This is a tubular suructure five. 
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Fie. 2h, Photonitcvogiaiphs showing tlice stages In follicular atiesia, (A) Eatly regs essive 
changes In follicle (73 X). (B) Ovum and cumulus cells (200 X). (C) Antium shimnken and 
Med with young fibroblasts (80 X), (D) Scar similar to corpus albicans following a corpus 


Joreum, but smaller (60 X). (Courtesy, Patten: “Hum Embiy ology," Philadelphia, "The 
Blakistan Canmpuny,) 
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otatore inches in lengit, foarte in dhe border af the broad lpanient, 
I consists ol Unee parts: the év/meia, which begins an the uterus and 
ineludes almost one-third of the total length of the oviduct the 
can pulla, an expanded pardon, nearly twice the lengua ol the isdimus; 
and the fanbriated exdemity ov infunditidion, the distal portion ol 
the tube which lies in close proximity to the ovary. ‘The diameter of the 
oviduct is smallest in the isthoms, being slightly more than 3 mm, Te 
increases Loward the ampulla, in which it may be 7 nim, or tore. 

The wall of the oviduct includes three liyers: a mantcosa. a neusct 
lavis, and a serosa, The mucose consists al a shinple colummar epi- 
thelium: resting on a thin suoma ol delicate connective tissue fibers, 
Sauttered though the epithelium, near the basement membrane, are 
small cells with relatively Jitde cytoplasm and deeply staining nucled, 
The epithelial cells are low in the isthapus, but increase in height until 
they appear as tall columuar clements in the ampulla, Some of the 
cells are provided with cilia, while others ae nouciliated, The non 
ciliated cells are densely granular and produce st substance which is 
believed to provide nourishment for the avuni as it passes through the 
tube. The movement of the cilia is in the direction of the uterus. 
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Fa, 245. Cross section, new the aupulla, of a uterlae tube fom an adit woman, 


Neithed Biemer-Weatherford: “Vestbook of Ulstology.” Philadelphia, ‘rhe Blakiston 
OM punly, 
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The epithelium has been observed to undergo certain changes 
during the mens ual period. At the beginning of mensomation the 
cells are low; at its close they begin to inacase in height and at the 
mid-interval they may have acquhed the appeaance of being pseudo 
stratified, 

The mucosa is raised into a series of folds which, in the isthmus, 
appear as Unee or lour broad, low ridges. “Poward the ampulla the 
ridges become taller and nanowe, and develop secondary and tertiary 
folds. ‘These folds anastomiose and cnelose pockets which form a laby- 
rinthine pattern, The lolds are arranged about the distal end ob the 
(ube in such a way as to give it the appearance of being surrounded 
by a series of fingerlike lringes (fondriated exhemily), 

‘The muscularis is thick in the isthmus and diminishes as it reaches 
the fimbriated extremity, It lies directly in contact with the stroma, 
It consists ol a thick, inner layer of cirewarly directed smooth muscle 
fibers and a thin, outer layer of longitudinal fibeis, The layers ae 
broken up into bundles by septa of connective tissue which extend 
hetween them, The circular layer is most strongly developed in the 
isthmus, while the longitudinal fibers form a thin layer, Fxtending up 
the tube Loward the fumbriated end, there isa gradual decrease in the 
muscular layer with the result that in the ampulla the longitudinal 
fibers form only a thin and incomplete layer about the tube and it 
disappeais entirely in the fimbriated extremity al the tube. 

The serosa, or outer covering ol the oviduct, consists of loosely 
arranged connective tissue which is continuous with (he connective 
tissue of the broad ligament, and forms a layer of considerable Uvick- 
ness between the muscularis and the layer of mesothelial cells which 
lie on the surface of the broad ligament, A few tubules of the epo- 
ophoron may be scen in sections of the oviduct which have been taken 
fram the region af the ovary. 

The blood supply of the oviduct is by branches of une uterine and 
ovarian arteries; their final subdivisions penetrating the subepithelial 
layer of the mucosa in which they may be scen as small longitudinal 
vessels, ‘Fhe blood vessels are accompanied by lymphatics, of which 
there is a rich supply. 

The nerves are distributed to the nnuscle bundles and the mucosa, 

The passage of the ovum into the fimbriated extremity of the ovi- 
duct is probably brought about by certain vascular changes which 
take place during ovulation, The vessels in the fimbria are charged 
with blood causing these processes to become turgid, a condition which 
holds them close Lo (he surface of the ovary, The ovum is swept into 
the opening of the tube by the currents set up by the action of the cilia. 

The passage of the ovum lo the uterus is probably due to the peri- 
staltic contractions of the muscular wall of the oviduet. ‘This action 
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Via. 246, Epithelium of humen Falloplanctube showing physiological changes. 700 
(Alter “Snyder, 1924) (A) Mid-interval, (B) Premenstrual. (GC) Late: Jaterval,: (0) 
Pregnancy. (Courtesy, Cowdry: “Special Cytology," New Yark, Paul B, Moebers Ines © 
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probably is not aided materially by the cilia which, in all probability, 
stimulate the passage of the spermatozoa by positive thigmoraxis, (co 
move toward the distal end of the oviduct where the fertilization of 
the ovum usually takes place. 

Extranteringe pregnancies oceur in the avicluct and, more rarely, 
in the abdominal cavity. Although a false placentation may result from 
the Jodgment of the ovum in these localities, developinent is never 
completed, The tissue degenerates and is removed by absorption, or, as 
is frequently the case, the condition is relieved by surgical procedure. 
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The uterus is a thick-walled, pear-shaped, muscular organ focated 
in the pelvic cavity between the bladder anteriorly and the rectum 
posteriorly, Although some variation occurs in normal nulliparous 
women, the uterus averages about two and one-half inches in length, 
one and three-fourths inches in breadth, and about one inch in thick- 
ness. It is flattened in the antero-posterior direction, In women who 
have borne children it is somewhat larger. 

The organ consists of a body, an expanded upper portion, the 
fundus, and a constricted lower portion, the cervix, which opens into 
the vagina, The cavity of the uterus is triangular in outline, the ovi- 
ducts opening into its upper laterally expanded fundic portion. The 
ravity Narrows in the body and as the cervical canal passes through 
the cervix to open into the vagina, The point where the uterine cavity 
enters the cervical canal is known as the ddernad as, while the opening 
of thé cervical canal into the vagina is called che external os, Two 
vertical folds, one on the anterior and one on the posterior wall of 
the cervical canal, ave known as the plicae palmatae. 

The wall of the uterus consists of three layers: an internal layer, 
the mucosa (endometrium); a middle layer, the muscularis (myo- 

“ metrium); and an external layer, the serosa (perimetrium), The rmrucosa 
consists of a simple columnar epithelium, the cells of which ave 
taller in’ the. cervix than in the body and fundus, glands and a 
fibrocellular stroma. The glands extend throughout the entire enda- 
metrial layer. During: menstruation the outer portion of the endome- 
wial layer, called the functional layer, is tiore or less completely 
sloughed: off. The part of the endometrium which contains the basal 
portion -of the glands (basal layer) is retained. It ig the basal layer 

_ which contributes to the regeneration of the endometrial layer during 
the: proliferative phase of the menstrual cycle. Some of the surface cells 
of the encometrial layer are provided ‘with cilia, although the epi- 
thelium as a whole is nat. consistently ciliated. Where present, the 

| cilia beat in the:direction of the cervix. The lower end of the cervix 

3 lined by a stratified sqaamous epithelium which extends into it 
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hom the vagina, Alter childbearing, the suatived epithelia may 
extend into the cervical canal lor one-hall or two tits of its length, 

"The stroma on which the epitheliam testy reveals its embryonic 
clunacer by the delicate veticar fibers of which Gf is composed, and 
by the number and character ob the connective rissue cells it Contains, 
Tn their imegular foun, kuge nuclei and Dimehed processes, they 
resemble the cells of embryonic mesenchyme. Tn addition to the cans 
nective tissue cells, lymphocytes, gramular leucocytes and: macrophages 
may be present in the tissue spaces, “Lhe tissue of the stoma is con- 
tintious with that al the oviducts and it is abe continuous, Chrough 
the cervix, with the subepithelial tissue ol the vetgina. As ik is con 
tinued into the cervix, the stroma loses its embryonic character and 
the fibers become coaser and take ou the appearance of mature con- 
nective Uissue. 

The epithelium in the body of the werus is invaginated to fom 
the simple, tubular uterine ghinds, Some ol these glands show. bifid 
terminal portions, These glands fallow a winding course and extend 
deeply into the stroma, their blind ends being locuted, in some ins 
stances, among the muscle bundles of the aljacent portion of the 
muscularis, The epithelium of the glands is similar to that which 
foums the lining of the uterus, Some of the cells bear cilia, the move 
ment of which is towad the stalace of the mucosa, 

Only the distal portions of the uterine glands undergo cyclic 
changes in saucture, the basil portions serving ta restore the epi. 
(helinm of the statace of the mucosa alter it has heen destroyed by 
the changes which ike place dating inenstiation. Che cells which 
lomm the lining of the gland are pushed npward and onto the surface, 
as new cells ave formed beneath them, “Vhe replacement of the epi« 
thelium of the mucosa by the profiferation of the cells of the glandular 
epithelium is indicated by the number ef mitotic figures whieh appear 
in the upper portions of the glands in the postinenstrual period, 

The columnar cells which form the epithelial lintig of the upper 
part of the cervical canal ae taller than those i the body and fundus 
of the uterus. The free surfaces of these cells are frequently provided 
with cilia, The tubular glands of the cavix, formed by the invagination 
of its epithelial lining, ae extensively branched. ‘These glands. pro- 
duce a clear, mucoid secretion that is thought to conuibute to the 
formation of the vaginal plug. In some of the glands this mucous 
secretion may be retained in their deeper potions, causing them to 
become distended and cystlike, These cystlike dilatations of the cei vical 
glands are known as the follicles or ouules of Naboth, 

The musendaris lors the thickest portion of the wall of the uterus 


Tc is composed of smooth muscle intermingled with septa af connective * 


tissue. The musele fibers are of unusual length and branch ina manner 
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suggestive ol cardiac musde, The muscle bundles ae aanged in 
pootly defined fayers, whith may be designated ay an inne layer ol 
longitudinal fibers, & middle layer of circular Whets, and an outer layer 
ol longitudinal tubers. 


The facgtlo omanmer in which the fibers intermingle, makes ft ditheult to 
asclibe then to definite layers Ln atcempe hag been made to define the (thee cates 
ol the uterme muscukeais by the penal aithar than by the particular, direction 
which the (thers follow (1) The shade sehaecoven, a thin layer immediately 
external to the mucosa, in which the hbeis me mainly longundinal in dheiaton 
with aa uteroungting of obliquely, or cicularly, duected bundles, (2) The stratun 
vascular, the most songly developed portion of the nuaculais, the fibers being 
mostly cicula i ditection, Between the fiber bundles me numerous, thin-walled 
venous spaces. dom which the layer receives fits name, (8) Che shation supravas- 
adare, in which the muscle hbers me mainly longitudinal, but with an interweay- 
sng of fibers that are oblique, o cheulat, in direction, (4) The shatum subsera, the 
part ot the musculats which fies ternal to the serosa, the fibers of which are 
longitudinally daceted, The statuae submucastm aad stalun supravasculiae are 
regarded by some anatomists as subdtyisions of the circular layer, 


The serosa is a layer of fibroelastic (issue which lies external to the 
muscularis, "This tissue supports a layer af mesothelial cells, on the 
anterion and posterior walls ol the werus, which is continuous with 
the peritoneal ftaing of the abdominal cavity. On the lateral borders 
of the uterus the connective Uissue is continuous with that of the broad 
ligament, and is known as the parametrium, The uwisted uterine arter+ 
jes are located in the patameuium, their convoludons enabling them 
to adjust to the expansion of the gravid uterus, 

The will af the cetvix has a firm consistency due (o the densely 
compacted fibvoclastic tissue of its mucosa. ‘The smooth muscle fibers 
are ananged in-an inner cheuwlar and an outer longitudinal layer. 
Except for the absence of the inner longitudinal layer the arrangement 
of the muscular tissue in the cervix is similar to that in the body of 
the uterus. Tlowever, the layers ae somewhat more dearly delined. 

“Lhe blood supply of the uterus is by way of the uterine artevics. 
These vessels cnter the uterus on iis lateral walls and extend into the 
muscular fayer where they branch, The branches extend toward the 
inidling of the organ, one set of branches going around the front, 
the other around the back of the uterus to anastomose in the midline 
area with branches from the opposite side, These vessels are known 
as the arcuate arteries. Fiom these arcuate arteries (wo sets of branches 
arise, One set goes toward the periphery ol the organ to supply the 
ower layers of the muscular coat, The other set extends toward the 
lumen to supply the tamer niuscular and endometrial layers, This 
latter set of arteries may be subdivided according to arrangement and 
distribution, One group of these, the straight arteries, penetrate the 
encometrium and end in a “tulted” arrangement in the basal part 
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of the endometrium, which is the area they supply. “Phe second gioup 
starts from the arcuate artery as suaight arteries and become torcious 
ag they pass through the inner muscular layer. They wwe known as the 
spiral or coiled arteries. They extend the cudiie width of die endo. 
mevrium and their terminal branches Jou smal vascular cults to 
supply the functional layer of the endomenium. “The veins ab the 
uterine wall correspond in position ancl aangement with the arteries, 

The lymphatics are in the form of nenwarks in the mucosa and 
muscularis, from which vessels join the Jarger lymph chaunels in’ the 
serosa, The lymph leaves the wall of the uterus in vessels which extend 
through the broad ligament and join the main lymph tranks in the 
pelvic and lower lumbar regions. 

Unumnyelinated fibers fiom (he sympathetic system are distributed to 
the walls of the blood vessels and to the muscular tissue, Myelinated 
fibers from the third and lourth sacral nerves ave believed to form a 
scaly plexus beneath the epithelium. ‘fhe endings of these nerves 
have not heen fully studied. 


‘Tne Mrnsiruatine Uterus 

From puberty to the age ol 45-50 years, the uterus undergoes a 
series of periodic changes. These changes, which occur in cycles of 
25--83 days (average about 28 days), are correlated with changes occur 
ring in the ovary and have been outlined in various ways. One of these 
is as lollows: 

lL PERIOD OF REPAIR, ‘This period begins with the clase ol 
menstrual bleeding and lasts for about uve days during which the 
surface of the uterine cavity is reepithelized by celly migrating from 
the basal ends of the utering glands, 

2. PERIOD OF PROLIFERATION, Extends Irom the close of 
the period of repair to about the lourteenth day ol the average cycle, 
In dating cycles, the first day of menstrual bleeding is regarded as 
day 1. The endometrium grows considerably and the glands become 
long, but remain relatively straight, Ovulation ocems at the end of 
this period, The endometrial growth which is seen in the proliferative 
period is under the control of csuogeni¢ hormone, As a rule, particu. 
larly in long cycles, a period of rest occurs between the period al repair 
and the period of proliferation. In short (21-day) cycles this period 
may be absent while in long (35—40-day) cycles it may fast for a week, 

3, SECRETORY PERIOD, Extends from ovwation and formation 
of corpus luteum to the onset of weusirual biceding, ie, from about 
day 14 of the average cycle through day 28. During the major portion 
of this Lime the endometrium conunues to grow, but in addition the 
glands enter into a sceretory phase. ‘hey become elongated, tortuous 
and coiled and the constituent cells secrete glycogen, mucoid material 
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and fat. ‘Che changes in the endometrium during the secretory phase 
are under the control ol progesterone and estropenic horniane. 

4, PERIOD OF MENSTRUATION, The seaetory phase culmi- 
nates in a series of changes which terminate in deach and cdesquamation 
of the functional portion of the endometrium: and bleeding, This 
period varics in length, but in most women has a dation of tour or 
five days. With the cessation of bleeding a new period of repair is 
initiated. 

The periods of repair and proliferation are correlated with the 
growth and maturation of a Graafian follicle in the ovary, During the 
period of repair the uterine changes are characteristic of repair and 
regeneration, There is a multiplication of connective lissue cells which 
form a cellular network in which fibers are later laid down to form the 
thick layer of stroma typical of the resting uterus. The epithelial cells 
remaining in the basal portion of the glands show numerous mitotic 
figures and multiply rapidly to form new glands and to epithelize 
the denuded surface of the equally rapidly developing stroma, In a rela- 
tively short time (approximately two days) the encometvium is resur- 
faced and carly growth has begun, 

Vhe period of proliferation may follow the period of repair almost 
immediately or there may be a lag of several days or a week in Uhe case 
of long cycles. Very extensive growth of the endometrial constituents 
oceurs, This is particularly evident in the glands which become progres 
sively longer, but show only a slight tendency to become tortuous 
during this period. There is, of course, no change in the character of 
the basal portions of the glands since the latter undergo little or no 
change during the cycle. ‘The coiled arterics which must regenerate 
their clistal portions during each cycle keep pace with the general endo- 
metrial growth, The stroma becomes less compact near the close of 
the proliferative period, 

During the secretory period the endometrium reaches the height 
of its development, The height of the endometrium increases somewhat 
due to further growth, but more particularly (o the progressive accumu. 
lation of interstiial fluid, which causes the stroma to have a loose 
appealance. The most striking change during the secretory period 
occurs in the glands. As a result of continued growth the glands become 
dilated and tortuous, assuming a saw-toothed appearance, The cells 
hypertrophy and enter an active secretory phase. Marly in the period 
the secretory products, particularly glycogen, accumilate beneath the 
nuclei, but alter the wineteenth or aventieth day they lic above the 
nuclei and soon thereafter glycogen and mucoid material are released 
into the lumina of the glands. Uhe epithelial borders at this time have 
a frayed appearance in contrast lo the rather smooth anc even condition 
which is seen during the period of proliferation. The terms premen- 
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Mo, 217 AK. (See pp. 484186.) Sectlony of human endomentum taken at various 

stiges of the menstrual cycle 4 
(A) Early postmensoual stage. ‘Tissue taken fom days postenstrimm. (Courtesy, 

Hoifnan: “Female Rndocrinalogy,” Philadelphia, W. 1 Saunders Ce.) : 












: Fa; 247 (B). Proliferative stage. Tissue Giken len days postmenstruum, (Geurtedy, Toll: 
man: “Female Endocrinology,” Philadelphia, W. 1, Saunders Co.) 
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Fic, 247 (C). Barly pregravid stage, Tissue taken fifteen days: postmenatruun, (Courtesy, 
Hollman: “Fenutle Endocrinology," Philadelphia, W, Tb. Saunders Co.) 
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Ge 27 (D). Dreginvld stage, “Lisstie taker Wwenty-seven days postndnstrun, (Caurtesy, 
Holfinany “Femaig Endocrlnology,”: Philadelphia; We 33-Suunders Co) 
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fie. 207 (BK) Menstiuation Cisse taken fist day of flaw (Comite, Coffin: “Peale 
Licdocinoloys, | Chilacelphia, Wes, Samiders Ca) 


strual, Progrand, progestational are sometimes applied ta Ure latter 
part af the secretary period sitce the endometritns has atiiiied its fall 
development and is in a state ol receptivity for implantation of an 
ovum. The coiled arteries become progressively ediled during this 
period. 

A day o1 two belove the menstiual flow is visible extemally, Len 
about day 26 of a 28-day cycle, the drop in levels of circulating 
progesicione and estrogens hormone (cue to cessation al luteal fies 
tion) initiates the menstrual phase. Studies by Markee and by Phelps 
on endometrial bits implanted in the anterior chamber of the eye in 
monkeys have provided us with information which otherwise would 
not be available. The initial effect of lowered levels of ovarian hormone 
appeais to be a slowing in the chiculatory rate in the endometrium, 
This is tollowed by loss of interstitial Quid and shrinkage of the 
endometrium, The coiled arteries are compressed by the collapsed 
endometrium and the blood supply to the functional layer is seriously 
reduced. “The tissues, embarrassed lor oxygen, widergo necrosis and 
produce a vasoc onstiictor substance, presumed to be similar to neerogin 
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‘This substance acts on the basal portions of the coiled ateries (where 
they Gaverse the myomeu ium) and causes them to go into prolonged 
constriction, Che result is generalized ischemia and necrosis through- 
out the Innctional part ol the endometrium, After several hours the 
constricted arteries open and blood again cicilates into the functional 
rone, [Lowever, (he weakened walls al the vessels ruptuae and hload 
leaks ito the suoma where it forms Jakes. The necrotic lisse sloughs 
into the uterme cavity Cogether with blood from the ruptured arteries 
and front veins which ate opened by the dest uctive processes. 

The changes described above are well under way before bleeding 
is visible externally, As a rule they continue for several days since all 
regions of the endometrium do not bleed simultaneously. The desu uc- 
tive processes cause a considerable loss of tisse since most, if not all, of 
the functional layer is lost. Necrosis and bleeding cease and repair 
begins when the citculatory rate of the uterus is increased. This is 
brought about by an inevease in the level of estrogenic hormone due, 
presumably, to the production of estrogen in the crop of follicles 
related Lo the next cycle. 

In some instances menstiuation occurs from an endometrium which 
is in the prolilerative phase, ic., one which has not entered the secretory 
phase. Such periods me called anovulatory menshuation since ovula- 
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Lig, 248, Graphic summary of changes in die cadomeniium dining an adiuny 
menstrual cycle and a subsuqnent cycle in which pregmimcey ocms  (Moitihed fom 
Schioder) Lhe conelited changes in the ovmy we suggested above In (heh proper ie- 
lailon to the same time scale. (Coutesy, Patten: “Human Embiyology,” Philadelphia, 
The Wakiston Company } 
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tion and corpus tute have net occuned, Tn the thetic cob we coupus 
luteum, progesterone is not produced and the endomen ium: fails to 
develap beyond the prolilerative phase, Such cycles are always sterile, 
since no ovuin isieleased, ind ae usually shorter thant eralafory cveles, 
but not necessarily 50. Vhe steps leading to necoris and bleeding me 
essentially the same in both types ol cycles, Anovilatary cycles may 
occur in any woman and probably accu occasiaually in all women, 
however, (hey ave most common in girls during the last lew yes after 
(he onset of imeustiaition and in women ettering de menaparse. Chis 
lact accounts lor the relative infer tility of gitls and women curing these 
phases of reproductive life, ; 

The purpose of the mensutal cycle is the preparation ol the uterine 
mucosa for the reception and impkuitation of the lerdilized ovum, With 
the implantation of the ovum, the processes which are begun in the pres 
menstrual stage we continued and by its growth in uichness and the 
increase in its blood supply, the mucesa becomes a part al the decidual 
structure which supports the embrya, 

With the advance of age the thickness of the mucosa is: greatly 
reduced, the glands become atrophied and disappear, although the 
deeper portions of some of the glands may become fled with a mucoid 
substance and remain as small cysts. 

THE PLACENTA 

The placenuttion of the ferulized ovum invelyes a aumber of 
changes in the suucture of the tderus. Both the miticasd and muscularis 
increase in thickness. Ta the muscularis this increase is dae to twa 
factors: Lhe growth of existing uuiscula clementy, some of the hbes 
attaining a length of 500 uddons, aid to the addition of new muses 
fibers, This increase in the thickness of Che niuxcularis, whieh is quite 
marked in the carly stages ol pregnancy, is not quite so obvious in the 
later stages owing to the fact that it becomes thinner through stretching 
ol the uterine wall, 

The growth of the nuucosa is the result of Certain adjustments which 
provide lor the punition ol the embryo, Lhe aed in which these adjust- 
ments are made is known as the placenta. ‘The fist part af this change 
is essentially the same as that whieh occurs in ihe fiat stages of mene 
struation, The soltened tissue is denuded of its epithelium and the 
supply of blood is increased through the enlagement of the vessels itt 
the mucosa, the surface ol which is thus prepared for the reception of 
(he ovum. 

The implantation of the ovwn involves the atlachinent of tie 
embryonic membranes to the wall of the uterus by the growth of 
processes (chorionic villi) trom the chorionic vesicle into the softened 
tissue of the mucosa, which now becomes the decidua. The decidua is’ 
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Fic, 29 Dingiams showing uterus In cuily weeks of pregnancy bryos and thele 
Membuines are chawn to cual ize, Uterus Is within acura size vange=about conect 
for a smut pibmipaa. (A) At three weeks, (B) At five weeks, (C) At eight weeks 


fertilisation age, (Courtesy, Patten: "Tuman Eubiyology,” Philadelphia, ‘Lhe Blakiston 
vommpatty ) 
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divided into three pants: the deeidae basis, which includes the portion 
of the uterine mucosa Co which the chorionic VIE are antacheds the 
decidua capsularis, which spreads over the rest al the chorionic vesicle 
and for a time separates it drow the cavity af the uterus: and the 
decidua vera, which includes the portion of the thickened mucosa that 
lines the remainder ol the uterine cavity, 

The chorionic villi consist ol a cenual core af embryonic connective 
tissue covered by a layer of epithelium. During dhe early part ol preg. 
nancy this epithelial layer consists of bodh the collar and syneytial 
(trophoblast. ‘The inner row of cells, called Langhan’s layer, consists al 
cuboidal cells with lightly staining cytoplasm, “Vhe cell boundaries in 
this layer ave distinet. External Co this layer iva more deeply staining 
layer of cells known as the syncytial layer, in which the coll boundaries 
are indistinet. These cells show a brush border and thei nuclei are 
scattered regularly throughout the syncydum, Veuninal branches ol 
the wnbilical arteries and veins extend inta che connective issue core 
of the villus. In the later stages al pregnancy (alter the Jourth month) 
the cells of Langhan’s layer have almost entiely disappemed and the 
cells of the syncytial layer become nore flattened. "Phe blood vessels, 
which extend into the core of the villus, shift trom: a more central 
position in the villi of carly pregnancy, tot more peripheral location 
in the villi of late pregnancy, Small clusters (knots and istinels) of the 
wophablast are present, either attached to the villi on lying tee i the 
decidua basalis. In the ealy stages ol pregnancy, new villi develop 
lvom these trophoblastic cell clusters, In fatter stages they deerease in 
size but some remain as cellular rests, although villi are ne longer being 
lormed. Evidence has accumulated indicating that the syneytial cells 
produce large amounts of progesterone and estrogenic hormone and 
that the cells of the cytotrophoblast praduce chorionic gonadotrophin, 

During the carly stages of pregnancy, the chorionic Vlli become 
clongated and develop numerous branches, lorming whit is known as 
the chorion frondosim, The remaining sualace of the chorion remains 
smooth, or loses any villi which may have been present, and becomes the 
chorion laeve. The chorion lrondosum is in direct relation with the 
decidua basalis, while the chorion laeve lies in contact with the decidua 
capsularis, The decidua basalis constitutes the maternal, or uterine, 
portion and the chorion frondosimn the embryonic partion of the 
placenta. As the villi grow into the decidua busalis, its substance .is 
eroded and hlood spaces are loumed, the villi being located in these 
spaces. As the blood vessels are rupuned by whe eroding process, the 
spaces are filled with the maternal blood which bathes the villi. 

The chorionic vesicle enlarges with the growth of the embryo. The 
decidua capsilaris becomes thinner by expansion and is pressed against / 
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Fie, 260. Section through a normal placenta of seven months i site {Minov, bX, 
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Fig. 251. From a seetion of a human phicenta at term, 8600. (Conrtesy, Breuer Weather: 
fords “'Vexthook af Histology. Philadelphia, “The Akukistau Compu) 


the decidua vera, in which position it is finally resorbed. The chorion 
laeve and the decidua vera come iogether and eventually obliterate the 
uterine cavity. In (he more superficial portion of the mucosa, the 
utering glinds undergo a process of degeneration, their epithelial cells: 
forming a hyalinized mass in which slitlike clefts appear. The hyalin 
substance which forms from these masses is known as ceanalized fibrin. 
(fibrinoid), The portions of the glinds which remain in the deeper parts 
‘of the tissue, lose their epithelium and with the stretching of the uterine 
wall, become mere slits between the fibers, ‘This forms an area of loage 
or spongy tissue in the zone in which the placental portion of the uteris 
pat off from the rest of the utering wall when childbirth oeeurs, 

The umbilical cord is attached to the plac enta at, or near, the mid 
dle of the chorion frandosum. ‘The subdivisions of the umbilical vessels 
are continued into the branches of the chorionic villi, in which: the 
fetal blood comes ‘into a relation with the maternal bland per mi 
the transfer between them of nutritive materials in one direction and-of 
waste substances in the other, There is no direct: communication 
ween the olaternal and fetal circulations, the transfer of mate 
from one to the other taking place through the ageney of the cells which, 
form the epithelium of the chorionic villi, 
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& 202. Charloitic Will at various hges. (Ganiera lucid drawings 880: *) (A) rom 
chorion of folir-week embryo (GR 5 nin). (3) Guorion from an embryo. of about six 
and a halt weeks (GRE mine (C) Placenta froma -fetus-of the fourteenth week, (D) 
t ray Crom preparatian loaned by Dr nL. Baker In Paden: “Human 

” Philadelphia, ‘The: Blakiston Compay 
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THE VAGINA AND THE FEMALE OURETPTIRA 

THE VAGINA, ‘The vagina isa muscular, tubelike structure, fae 
lened in the anteroposterior direction, which lies below and communi. 
cates with the uterus, [ts wall consists of a anicas, a sub meicostt, a neus 
cularis, and a fibrosa. The mucosa includes aw stratified squamous epi- 
theliom and a layer of delicate fibrous tissue, in which both lymphocytes 
and a few granulocytes are present. Occasionally rhe lymiphacytes are 
in the form of small nadules. This layer is usually. referred to as a 
tunien propria, Numerous tll papillae from the tunica propria pene 
trate the deep surface of the epitheliim. ‘Che sabmiucasa is considerably 
thicker, and consists of coarse fibers, both collagenous and ehistic, 

After puberty the thickness of the epithelial layer varies with the 
menstrual cyele, At the approach of the period, the epithelium increases 
in thickness and appears to consist of three parts: a basal or germinal 
portion, a middle, dirk, cornified portion, and a superficial portion 
which is described as the functional layer. 

The cells of the cornified layer are fusiform: and contain elongated 
nuclei and basophilic granules which give the layer its dark appearance, 
During menstruation, the functional layer and a part of the cornified 













Fia, 258. Section through the mucosa-of human vagina, Photomie 
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‘layer may be more or less completely desquamated: their restoration, 
after active menstruation has ceased, resulting rom the proliferation of 
cells from the germinal layer, 

The submucosa and niucosa are raised into large folds, the colaamnae 
rugae. The fibrous tissue which supports these [olds is penetrated by 
numerous, thinavalled veins which give it the general appearance of 
erectile issue, Although it possesses no glands, che inner surface of the 
vagina is moistened hy a mucoid, slightly acid secretion. The pl of the 
vagina is lowest during the late proliferative phase of cycle, due to the 
‘high level of estrogen at that time, Estrogen is related to the produc: 
tion of glycogen in the vaginal mucosa and the action of lactic acid 
forming bacteria (Déderlein’s bacilli) upon the glycogen results in a 
drop in the pH of the vaginal fluid. 








44. Vaginal changes occurring inde infueice:o estroge 
OF vaginal epithelium, 200%. (A) Newborn. @B) Tntn : 
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The muscularis lies external to the submucosa, It consists for the 
most part ol longitudinally directed smooth muscle fibers. Cireuan 
fibers ave intermingled with the longitudinal fibers in the inner portion. 
"Phe imuscte layers of the vagitte aie continuous with Chose ab the uteras, 
At the introitus the vaginal wall contains st tated muscle, 

External to the muscularis is a layer ol conse, rather closely inter 
woven, collagenous and elastic fibers. Vhis dissne constitutes the fibvosa, 
which merges into the more loosely armanged surrounding connective 
tissue that supports the vagina by attaching it to adjacent structunes, 

‘The vaginal opening is partially occluded by a fibrous membrane, 
the hymen. This membrane is richly supplied with blood vessels and 
is covered by a continuation of the epithelial lining of the vaginal canal, 

‘The bload supply is by vessels which foum a network between the 
mucosa and the muscularis, Some of the branches from this network 
pass to the fiber bundles of the muscularis which they supply, while 
others enter the mucosa and form a vascular plexus beneath the epi- 
thelium. ‘Phe veins arise from the plexuses and pass from the wall of 
the vagina, their course being parallel with the vaginal canal, 

‘The lymphatics consist of capillary plexuses in the mucosa, the 
muscularis and the fibrosa, from which the efferent vessels take thei 
origin. 

The nerves are mainly from the autonomic system, their fibers 
being associated with small ganglion cells which send processes (a the 
walls of the blood vessels and to the muscles, Sensory fibers enter the 
mucosa where they eld in relttion to special seuse organs, [ne all 
probability, some of the sensory fibers end in association with the cells 
ol the epithelium, 





‘The changes which take plaice in the vagina mucosa ae different suyges ol the 
menstrual cycle are indicated by the number wand character of the free cells inthe 
desquamated tissue, “Lhese may be studied in vaginal smems, trom which the 
diflerent stages in the ovarian cycle Gun be estimated with considerable accuritey in 
some ol the lower animals. In the human subject changes ae somewhat less clear 
cut, but they too may be followed and interpreted by an experienced observer. 





The vagina is separated from the rectum by a shect of fibroelastic 
tissue, in which scattered bundles of smooth muscle fibers are present. 
‘This forms the recfovaginal septum. A similar sheet of tissue lies be- 
tween the vagina and the urethra, the urethrovaginal sepiun, 

THE FEMALE URETHRA, The urethra is much shorter in the 
female than in the male. Its mucosa consists of an epithelium resting 
on a stroma of fibroclastic Lissue, which contains many thin-walled, 
venous spaces. The stnall, hregalar bundles of smooth muscle tisste, 
which appear between ubese spaces, gives this portion of the urethral 
wall (he appearance of te ciectile Ussue of the male corpus spongiosum, 
with which this portion of the female urethra is homologous. Glands 
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Fig, 255, Cross sectton of the female wothia (Koelliket) (d) Gland-lke diveteutun 
(e) Fpitheltum. (2) Lumew of the uredia, (at) Stated imide. (8) Garpnis spongiowtin, 
containing venous spaccs (a) mat smooth ante (Countess, Bremer-Weat het fords best 
book of Mistology,” Philadelphia, the Makiston Gampiany.) 


similar to the glands of Littré in the male open into small, epithelial 
c1ypts formed by depressions of the uvethnal epithelium. 

The transitional epithelium of che bladder is continued into the 
upper part of the meta, Hs lower portion is lined by a statified 
squamous epithelium which is continued into it from ihe vestibule. 
The epithelium which lives its intermediate portion may be sratified 
columnar, pseudostratified, or even simple columnar, 

The muscularis consists of ciicular and longitudinal layers. The 
circular fibers unite with those of the bladder wall ta lorut a sphincter 

« muscle about the internal urethral opening, AC its lower cud the meth 
is enclosed by the striated fibers of the sphincter muscle ol che vagina, 

, Us intermediate part, in the cleep perineal space, is surrounded by the 
striated fibers of the sphincter ui ethrac nniscle. 


EXTERNAL FEMALE GENITALIA 


The external structures of the lemale genitalia are the labia majora, 
the labia minora, and the éliferis, The labia majora ate thick tolds of 
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skin supported by connective issue in whieh a loge amount of fat ts 
present, Namerous hair fallicles, with swent and sebaceous ghinds, are 
present on the outer surfaces ol these folds, The integument, covering 
the medial sin faces. is more delicate and Contains fewer hairs and glands, 
The connective tissue beneath the skin contains bundles of smooth 
muscle fibers, farming a layer known its the faded dartolabialis, 

‘The labia minora Gaymphee) ave continuous with the labia majora 
at their base, but ae separated otherwise hy a deep Lunvow, the iader 
labial groove. ‘The minor folds are covered by an integument which 
contains @ number of small sebaceous glands. Hair lollicles and sweat 
glands are absent. These tals are supported by ie loose, fibrackistic 
tissue which, together with the integument by which their medial sur. 
faces me covered, is continuous with the mucous tissue of the vestibule, 
or space cnclosed by the labia, 

The clitoris is the homologue al the penis, Ht consists al two bodies 
ol erectile tissue which be a close resemblance to the corpora caver: 
nosa of the male organ, Phe corpus spongiosunr is divided by a clelt 
and forms the bulbs vestibull, 


Li Granns ot BARMLOLIN 


In the female, the glands of Bartholin correspond to the bulbo- 
urethral glands in the male, ‘Chey are small tibuloacinar glinds, located 
on cither side ol the vaginal opening. “Chey are lined by columnar cells 
which produce a whitish, mucoid secretion, ‘The glands are divided into 
lobales by thin, fibromuseular septa. The ducts from the lobules unite 
to Jou a single excretory duct for each ghind. “Vhe excretory duct ig 
lined by columnar cells, except at its oudet where the epithelium is 
stratified columnar. 
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The Eye 


The cye is the organ of vision, Tt consists of the eyeball, or ocula 
bulb (budbus oculi), aud its associated structuves: the eyelids, the 
lacrimal apparatus, fascia, the conjunctiva or mucous membrane of the 
eye, and the ocular muscles. 

Lhe ocular bulb is an almost spherical structure accupying a large 
cavity, the orbit, in the anterior aspect of the cranium, In appearance, 
the eyeball seems to be lormed by portions of two spheres of unequal 
sive; the larger sphere lorming the posterior lour-filths of the eyeball 
while the smaller one forms (he anterior one-filth, The structires of 
these two, however, are continuous. The cenuial point of che anterior 
sphere is known as the auterior pole of the cya. A corresponding central 
point on the posterior segment is called the posterior pole, Uhe optic 
axis isa line joming these (wo poles, Circles diawn around the ciicum: 
lerence of the cye so as to pass through bous the anterior and the pos- 
terior poles lou the weridians, The equator is the cirele which would 
divide the ¢ye into anterior and posterior portions equal distances 
Irom the anterior and posterior poles, “Lhe visual dine or axis (which is 
of clinical importance) is the line which connects the external object 
(being observed) with the fovea contralis (arca of most acute vision), 
The eyeball is attached to the walls of the orbit by fibrous ligaments 
and by the ocular muscles. "Che space between the bulb and the wall 
ol the orbit is occupied by a mass of latty tissue which forms a cushion 
on which the bulb rests, ‘The anterior part ol the eyeball is exposed, 
except for a small portion which is covered by the eyelids. 

The eyelids are curtaintike folds of the integument which are 
located in Lront of the ocular bulb and can be drawn over it for 
protection, 

The lacrimal apparatus consists ol the lacrimal gland, which pro- 
duces a watery secretion serving lo keep the anterior or exposed suriace 
of the eyeball moist, aud the lacrimal sac and ducts that convey the 
secretion fom the gland to the surlace of (he eye. 

Interposed betveen the orbital fat and the ocular bulb is a thin, 
fibrous membrane known as the oeudar fascia or capsule of Tenou, Vhis 
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lascit begins. the optic nen ead passes fonwad, between the orbitat 
fatangd the sent fost pom just miterion to the athe tanent ob the ocular 
muscles, Anterian hy tis continuous with the conponetiva Chis ocular 
fascia is Closely applied to the sclenn and rendoans of che ocular niuseles 
by means of tine stained of vencuha tasue, Phe comianicting spaces 
thus lonned benveen the hiseia and the sclera) coat dl the bulb are 
known as the episclerad space ov space of Lenou and contiins a lymph 
like Mluid, “Lhe oculn muscles pierce the fascial capsule as they pass to 


Autoror surlace af long 


*  Cryatailtne lena. 
Anterlor Pola fy 
Corneal optthollum * i e Ica 
Posterlor aurface of sora: \ ; ; Bulow aelerey fiat 
, son ely, poctinatum irldta 
Gortiog Te ten "pantorlor chamber 













Saws venanus acter 
kif Boleral conjunctiva 


Anterior chamber § 
as Angle of Iels 


Cillary munelo 


Cillary hod: 
Chiney Teoooneds 


Zonular fhors 


Zonuta olliarh 


Pontorlor 
surface of 
ler 


Modial aldo Lalorat aldo 









Maoula tutes and foven contralla 


Sclora 
dnterlor pole 


Shoath of optls nerve 


Papilln of optls nervee 
Laming cribrosa olor 


Conteal artory of rotlnac 
) 


Intervaginal spade 


Fun 260, Schamatie horlontal meridional section of right éye. 4X. (Courteay, J. Parsous 
Schaefia, Ede “Monis’ Human Anatomy,” Philadelphia, ‘the Blukiaion Company) 
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the outer or scleral coat of the eyeball, Cubrtlar extansion of the bulbar 
fascia is reflected on and encloses approximately the anterion one-hall 
of each ocular muscle, 

The conjunctiva ar muacaus menibuine of the eye cavers (he wterior 
portion of the eyeball and is reflected over the inner stmtaces of the 
eyelids, ; 

The ocular muscles move the eyeball within the obit and help in 
bringing the eyes into focus on an object. 


THE EY! BALL 


The eyeball (bulbus oculi) is only approximately spherical. Its 
preatest diameter is in the anteroposterior direction, being slightly less 
than an inch. Us other diameters are less, duc to the fact that ib is 
slightly flaiencd front above cdownwaid and also (rom side (o side, 

The eyeball consists of three concentric layers, or tunics. The most 
extemal of these is the sclera, which is called ihe fibrous coat (tunica 
fibvosa), Antertorly it consists of the transparent cornea which includes 
approximately one-hith of the outer part of the eyeball and the white, 
opaque and densely (throus part which includes the temaining flour 
filths of the outer coat that constitutes the sclera, ‘The visible part ol 
the sclera which suviounds the cornea is known as the “whiie™ of the 
eye. Along its anterolateral surtace the sclera allords attachment lor the 
ocular muscles, Posterioly the sclera is pertorated by the fibers of the 
optic nerve. The portion of the external coat through which the optic 
nerve emerges i known as the lamina cibosa. 

The middle layer is known as the vase ular coal (hinica vasculosa) 
and contains a good deal of pigment. fn the posterior three-lourths of 
the eyeball, the vascular coat is called the choroid. As it extends an- 
teriorly, it forms the ciliary body and vis (smooth muscle fibers are 
present in both al these structures). Vhe ciliary body includes the ciliary 
muscle or niusele of acconumodation, which by its conuaction, relaxes 
the pull of the fibers of the suspensary liganient and releases thei (en- 
sion on the capsule of the lens. thus peumitting a change in its curvatine 
and a sharper focus of the image on the rctina, The iris is a fold ol the 
ciliary body, which hangs in front ol the tens like a curtain, A citcular 
aperture approximately in the middle of the iris is known as the pupel 
while the portion af the iris which bounds (he pupil is known as (he 
pupillary border, The diameter of the pupil is increased or decreased 
by the action of the iricial muscles. 

The innermost coat. or retina (tunica nervosa) is composed of Uwe 
Jayers, an Outer layer which is nearer the surface of the eyeball and an 
inner layet which is nearer the vitreous humor, The outer layer is a 
pigmented layer, while the inner layer is made up of nervous clements 
that are characterized by theit sensitivity to light. It is this layer which 
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recerves Che impressions ob che images chat are haposed on icin vision, 
Phe vet loses i vista! clements una zone knew as the ond senate, 
materia te which it cominnes asa two layered, epithelial snucime in 
which the cells ne deeply pagmented. Plas pigmented nonyisual pow 
Hien of dhe editne extends larward au die ines sun bices of dhe cilia 
body and the nis. Phe fibers of the opuc nerve leave the eyeball ata 
paint slightly medial Gbout 3 um) to the posterior pole. ‘Chis area 
which has neither rods nar cones Geceptor cells tor vision) is called 
the optic dise ov the bliad spot ol the eye Slightly titeral to the posterior / 
pole is a slightly raised, yellowish inven called the wierd lutea. A small 
depression in the center of the macubr ow knows as the fovea centratis 
Chis is the point of the most acute vision and conitiny only cones. 

The eye is divided into two segments, posterior and interior. The 
anterior segment is again divided into uve chambers, anterior and 
posterion, 

‘The lager sphere forms the pesterion segment of the eye and its 
structines ae adapted to the reception wmd ansinission of visual 
iiges. Ks outer cont is opaque and allows ta light to enter. (Cis sepa. 
rated from the anterion segment by che lens and the suspensary Ligament, 
{tc contains a jellylike substance known as the vilreous body, which is 
pierced by a tubelike channel, the Ayaloid canal, that extends from the 
point where the fibers of the optic nerve converge (optic disc) Lo the 
posterior surface of une lens, “Lhis canal provides for the passage of 
the fetal hyaloid artery, The vitreous bary is separated Lom che inner 
surlace of the retina by a thin, cuticular membiene Known as ihe 
hyaloid membrane. 

The space between the lens, stispensory ligament and the cornea is 
the antetion segment of the eye, Vhe anterior chamber of the anterior « 
segment is bounded in front by the cornea and behind by the iris. The 
anterior chamber communicates through the pupillary opening with “ 
the posterior chamber which is dhe space beuween the iris and the lens 
with ils allached suspeusory ligament, Both the anterior and posterior 
chambers of the cya are filled with a fluid known as the aqueous humor. 


Tue Posterior SeGMunt or rie Evie a 
The wall of the ocular bulb (eyeball) in its posterior division in« , 
cludes: (1) the sclera, (2) the choroid, and (8) the retina, f 


1, ‘THE SCLERA, The sclera is a layer ol densely compacted, f 
brous tissue forming the extemal layer of ube eyeball. Le is approx - 
mately 1 mm, in thickness about the optic nerve, but becomes chinnét 
(oward the equator, being about 0.4 mm. in thickness just posterior 10 
the insertion of the ocular muscles. Anterior to this its thickness 
increases Lo about 0.6 mm, * 

Where the fibers of the optic nerve pierce the sclera, it is perfornied : 
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chovold, (Lv) Lamina vascolosa, (Ch) Chorio capiliais, (Re) Retina Photomlaogiaph 





by numerous small openings; because ol this the arca is called the 
lamina ertbrasa. The junction of the Wwo spheres of unequal size pro- 
duces a depression or fuirow on the eyeball known as the seleral sulcus, 
Che anterior extent of the sclera forms a Veshaped depression into 
which the tapered end of the cainea fs, The inner wing of the V (called 
the scleral spur) gives attachment to the ciliary body, 

The sclera is composed of an outer fibrous.dayer and an inner layer 
called the lamina fusca. 

The outer fibrous layer consists of a dense meshwork af collagenous 
fibers among which are scattered elastic fibers, The fibers are arranged 
in the form of Hattened, lamellated bundles, the direction of which is 
both meridional (longitudinal) and equatorial (uansverse). Vlattened, 
inyegularly stellace cells with anastamosing processes axe present in 
the spaces between the fiber bundles, 
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The inne layer of the scene (huni: bist) is characterized by i 
Drownish color. Tt consists of smaller buadles of collagenous fibers inte 
Spersecdl with mote elastic fibers and pigment cells which fll the inte 
fibrillar spaces and gives che layer its brownish color A man ow spite 
between the hanind hisca and the choroid is known as Che spree dor, 
space. "This space is crossed by a number ol fibrous tabeculae and h 
heen described as being lined by a delicate layer of endothelium, The 
is considerable doubt whether the suprachoroid space is to be rvegarde 
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Ta. 258. Diagiam of the oculas blood yossels crawn Inte a herlzantal section of the lé 
eye. (From Stéhi, after Leber) (Courteay, J. Parsows Schieffer, Edi "Monts’ Chute 
Anatomy,” Philadelphia, The Makision Compan ) 
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as a definite lymph space, since in all probability, the presence of an 
endothelium is doubulul. 

éxtanally che sclera is covered by a layer ol loose connective tisme 
which is richly suppiied with blood vessels. his layer is interposed 
beuveen the tissne of “Penon's capsule and the sclera, Amerioly it 
becomes continuous with the subepithelial Ussue of the sclett con 
junctiva, 

The blood supply to the sclera is by branches ol the cilimy vessels 
which pass through it on their way to the choroid, The veins ne 
tributary to the ante ior and posterios ciliary veins. 

There ae no lymphatics, 

The ciliary nerves send branches which supply the sclera. 

2. TUE CHOROID, ‘Che choroid or vascular tunic, lies between 
the sclera and the retina. Te extends (rom the arca about the optic nerve 
to the ora sett, anteriar (a which it soan changes to dhe muscular 
structure of the ciliary body. The choroid is considerably thinner than 
the sclera, Tn the region ol the optic nerve it has a thickness of about 
0.2 mm, and gradually decreases (oa chickuess of 0.1 mm. or less at the 
ona serrata where it loses its vascular character, 

The choroid consists of four layers: the damina supracharordea, 
which lies tmediately within che lamina fusca of the sclera; the 
lamina vasculosa, ov choroid proper, which is the thickest and most 
Mmpottant part ob the vascular tanic; the lamina choriocapillariss and 
the damina basalis. 

‘Lhe lamina suprachoroidea presents essentially the same structual 
(eatures as the lamina lesca, Ut consists of interlacing bundles of col- 
lagenous and clastic fibers and is separated from the lamina lusca by a 
narrow Celt (as seen in sections), the suprachordidal space. ly the living, 
itis probable that the lamina suptachoroidea of the vascular tunic and 
the lamina fusca of the sclera constitute a single layer consisting ol 
bundles ol connective tissue, the interfibiillar lymph spaces being 
lined by a delicate endothelium. In fixed material, the shrinkage of 
the (issues causes the bundles co separate, the space which is lorued 
between them being crossed by delicate fibrous trabeculae. The inter 
fibrillar spaces in both layers ave occupied by numerous large, irregu- 
larly branched connective tissue cells which are filled with granules ol 
a dark-brown pigment known as melanin, Cells ol this type are called 
chromatophores. 

Anterior to the equatorial :¢gion of the eyeball the choroid contains 
a number of small bundles of smooth muscle fibers. ‘The manner in 
which these bundjes are arranged gives them a stellate appearance, tor 
which reason they are commonly relerred to as uiusele stars, 

"Lhe lamina vasculosa or choroid praper is characterized by the pres- 
ence of numerous blood vessels. The lager vessels, most of which are 
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venous, we tocuted in the eater portion of che hyer. The inner portion 
is occupied by the smaller vessels, Phe connective issue beaween the 
blood vessely is more compactly aasiged than in the suprachoroides 
and contiins lewer chromatophores, Numerous noupigmented connec 
live tissue cells are Joumd wound the blood vessels. 

‘Lhe blood supply of the choroid is by Diane hes trom the short ciliary 
arteries. The veins form the large vessels previously referred ta, which 
converge in a peculiar “whorled" loumation and are kuewn as the 
venae vorticosne 

‘The lamina choriocapillavis (membrane of Ruyseh) is a thin layer 
made up of a delicate meshwork of collagenous and clastic {thes in 
which are found numerous capillaries, “hese vessels, which lou a 
wide-aneshed network arranged in one pling, are characterized by their 
anusnally large caliber, a condition especially noticeable in the region 
of the macula, Around the area of the fovea cenwalis the capillary 
network is very dense. ‘his layer does not extend anteriorly beyond 
the ora serrata and therefore docs not contribute to the formation of 
the ciliary body, 

In some of the lower avimals a thick, wavy layer of Gosely interwoven collage 
nous fibers iy interposed beeween the vascala and capillary bayers, and reflects light 
in such a way that the eye hay a peculiarly luminous appearance. Chis jayer ts 
known as the dapetim, A layer of this type occurs tie the eyes of the herbivorous 
animals, the tapetum fidrosiun. A similar eflect is prodaced in the eyes of the camive 
orougy animals by the presence of a cellu layer of some depth, the reflection of 


the light being due te the number of minute cysts which the cells conuin, In 
these animals the Jnyer is called the dapetion celiulosum, 


The lamina basalis (membrana vitvae; membrane of Bruch) is the 
innermost layer of the choroid. [tis a thin homogeneous layer that les 
beuween the choriocapillaris and the pigmented layer of the retina. tt 
consists of two parts: an outer portion Loumed by the condensation of a 
thin layer of elastic libers (outer clastic layer) and an inner homogencous 
layer. This layer is regarded by some as a cuticular layer belonging to 
the pigmented layer of the retina, 

The ciliary nerves send branches into the stroma of the supra- 
choroid and choroid. Her, these bianches form a plexus which lies in 
relation Lo groups ol ganglion cells, the fibers of which pass to Une walls 
of the blood vessels, Gells of this type are also to be found in relation 
to the vessels about the canal of Schlemm, There are no sensory fibers 
in the choroid, 

8, THE RETINA, The retina (pars nervosa) is a layer composed 
almost entirely ol nervous clements, It lines the entire inner surface of 
the bulbus oculi from the optic dise to the pupillary border of the irls, 
I, has three divisions: the first or visual portion, contuins the elements 
which are sensitive to light and is known as the pars optica, the second ‘ 
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lies on the inner surface of the ciliary body and is known as the pars 
ciliaris, and the Uhird part forms the inner or posterior Jayer of the iris 
and is known as the pars iridica. 

The visual portion of the retina extends anterionly from the optic 
dise and cnds somewhat abruptly, by the cessation of its visual elements, 
in an inegular line close to the border of the ciliary body. The iregula 
line where this change in the structure of the retina takes place is known 
as the ora sernada, 

The retina presents the macula lutea, a thickened oval area, yel- 
lowish in color, about 8 mm, lateral to the optic disc. A small depression 
in the center of the macula is known as the fovea centralis. The fovea is 
the point of most acute vision and is located at the posterior end of the 
visual axis. The optic dise isa small area about 1.5 mm. in diameter, 
upon which the retinal fibers converge to pass oul of the cy¢ball as the 
optic nerve, Since this area is not supplicd with visual clements, it 
Jonms the “blind spot” of the retina. 

The supporting structures of the retina are modified neuroglial 
elements known as the fibers of Miller. These fibers pass through the 
retina Jrom its inner surface to the level of the basal portions of the rods 
and cones. Their inner extremities form expansions which join together 
to form the inner limiting membrane lying between the fiber layer aud 
the hyaloid membrane. 





Wha, 250, Section (hrough Human rena, Photomicograph, 
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Fra. 260. Section through hima retina, Drawn with the add af a profectoscope from 
a preparation by Mas. M. A Sharpe (Hell's stein). (Pel) Piguirent coll layers (el) Layer 
of rods anal cones. ) External limiting membrane, (Onl) Oiter muctenr (avanul) 
layer, (Or!) Outer reticubity -(plesifarmy layer. Cla diner aaekear dayerns (irl) timer 
rettcular ttyer, (Gel) Layer of ganglion cells. (FI) Layer of nerve fibers. (ln) Titernal: 
limiting membrane. : 








Except at the optic disc and the fovea centralis, che visual portion of 
the retina consists of the following layers, proceeding inward tram the 
lamina basalis toward the charaid: 


—_ 


+ The layer of pigmented cells 
2. The layer of yods and cones 
8 ‘The outer limiting membrane 
4, The outer nuclear layer 
5. Thé ourer reticular layer 
6, The inner nuclear layer 
7. The inner reticular layer 
8, The layer of ganglion cells 
9, The layer of nerve fibers 
10, The inner limiting membrane 


1H Tur Laven or Piewrenren Cebts The layer of pigmented cells. 
consists of a. single. row of large cells, hexagonal when viewed from the 
surface, but cuboidal when seen in vertical section, Their nuclei are 
located:in the basal portion of the cell and are surrounded by.a layer of 
clear cyt r portions of these cells are filled with rodlike: 
egranule pigment (melanin). Numerous celcate, 
protopl nd from the inner surfaces of the cells be 
tween the rads and cones. The pigment migrates front the cells inte the. 
processes, and from the processes into the cells, with variations iit t 
















THE EY RRALL 459 


intensity of the light, In strong light the pigment migrates into the 
processes and forms a protect ive barrier around the cells, When the light 
is decreased, the pigment migrates back inte the cells. 


Vhe outer layer of pigmented -celly and the inner nerveus or retinal pertion 
represent the cerchral elements of The original cuubryonic optic cup. “The space 
between these elements which is clearly defined. in the embryo is still present be- 
tween the pigmented cells und dhe layer of reds and cones in the adult. For: this 
reason there is atendency for the pigmented cells to adhere to the choroid and net 
to the ayer of rods and cones when the two layers are pulled apart. 








2. Tum Layer or Rons anp Cons, The cells of this layer ave spe- 
cialized neuroepithelial elements which react to the stimulus of light 
that falls on the retina,.These cells have certain comparable morpho- 
logical characteristics but they differ in a few details. “Phey extend 
through small openings in the external limiting membrane. The outer 
and. inner segments (rod and cone portion) of the cells are located 
external to the outer limiting membrane, while the portion of the cells 
containing the nuclei, along with their protoplasmic processes, lie 
internal to the outer limiting membrane, Each rod and cane cell con: 
sists, therefore, of: an outer segment, an ‘inner segment (these make 
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Tigi: 261. 1 an of the retinal neurones. (F¥om, Gray’s Anatomy, after Cajal) (Courtesy, 
Wolly “The Abmomy af-the Eye and Orbig? Philadelphia, The Blakiston Company.) 
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up the light sensitive portion of the coll), a muclen portion, and a 
process with its termination. Che processes ol the rad and cone cells 
end in the outer reticuhu layer in relation to the dendtitic processes of 
the second order nese cells, Phe propartion ab rad and cane cells 
varies considerably doughout the retina, Inthe macula and loved only 
cores are present aud they have been eadimnded: to nuusber approxi: 
mately 17,000 (macula 13.000 and fovea L000), In the region close to 
the macula, rod and cone cells alternate with one another, however, in 
avery short distance the rods predominate, the ratio being Unee or 
four rod cells to one cone cell. ‘This propartion exists thoughout most 
of the retina and continues antceionly to a point quite uear the ora 
serrata. Krause estimates the total number ol rods iu the human vetina 
to be 130 million as compared to 7 willion cones, 

re Rops. The rods me clongated, cylindiical suuctures that vary 
in length from 40 microns Gt the ont seat) to GO microns inthe 
regions newer the postertor pole; chey ade about 2 microus in breadth, 
They consist of two segment, an orden and an die segnient which 
differ both suuctwally aud in sutiuing veacion, “The ouler seguent 
stains black with osmic acid and is possibly losely related to the myelin 
ol nerve fibers. It stains with acid dyes. ‘This seginent is longer and more 
slender Unan the Amer segment, and is doubly vehactive to pokuized 
light. “Phe outer segment is enclosed fn au external cuticular sheath 
which is continuous with the sheath of the inner segment. “Chis sheath 
dacs not extend over the outer end of the rod, Within the sheath of the 
outer seginent isa homogeneous material which alter death appears 
as a series ol disc-shaped Jragments which give the outer segment the 
appearance of being transversely suiated. fa Cross section these dises 
appear “fluted” and give the outer segment the eflect ol having fine 
longitudinally directed parallel lurows. “the outer segurent contains ¢ 
substance known as visual purple (rhodopsin), which gives the retina 
its reddish color, In man there is no visual purple in the rods near the 
ona serrata, On exposure lo light the visual purple is destroyed but re 
generates rapidly again in the dark. 

The inner segment of the rod is shorter, thicker ane fusiform in 
shape, It contains a finely granular cytoplasm and takes a basophilic 
stain. Near its junction with the outer segment it contains a dense 
appearing ellipsoidal hody termed the fiber apparatus which shows 
vertical striations. These striations are produced by numerous highly 
relractive chiomophilic fibers, From the inner end of the rod is given 
off a fine protoplasmic process, the red fiber, that passes through the 
external limiting membrane and extends into the outer nuclear layer 
where it expands into the cell body frod granule) in which the rod 
nucleus is located, ‘The rod fiber continues into the outer reticular layer 
whore it ends ina knoblike enlargement, the end bulb, These end bulbs 
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are in relation to the dendrite processes of the bipolar cells (rod 
bipolars). 

tum conts. In the human the shape of the cones vinies, but in gen- 
eral they are conical. ‘I hey also vary considerably in size, In the fovea 
centralis they are long and slender (85 microns long and 2.5 microns 
wide) and giadually become shorter and broader as they progtess toward 
the ora saraa where they ave relatively short and wide (22 micions 
long and 7.5 micions wide). 

Like the rods, the cones also have an outer and an inner segment 
The onter segment is conical in shape. Tt is enclosed by a sheath which 
extends over the tip ol the segment at one end and is continuous with 
the sheath of the inner segment at the other. Inside the sheath isa 
homogencous, basic staining material that is highly rehactive. Vertical 
grooves are present but are more closely aranged than in the rods, 
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Fie 262 Rods (a) and cones (b} from the veda of an adult Rhesus Macaque, (Prep: 
aradon of G. W, Bartelnes) Note the long, slender cylinchical shape of the roids as 
compared with the niore conteal shape of the cones. “The cone nude: are lager Uhan 
the sod nuelel ayd contain distince round nucteoll, Coment Incida drawing (Cou tesy, 
Polydk: “The Retina.” Chicago, The Univetsiy of Chicago Press) 
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Che inner seamen? is considerably Inoadet than the ater segment 
and is more or Jess cHipsoidal in foam, Ch conmeins an ellipsoid body thar 
is larger than the stuuctare in the rods, Phe Ghers in this steucture are 
not ananged in puallel but rather ave imerwoven and are exticnicly 
line, 

The bodies of the cone cells, which contain the nuclei, are Jocated 
just internal to the outer limiting menibruie, Phe cone fiber, which 
continues the protoplasm of die cone cell, is considerably thicker than 
the rod fibers, Each cone fiber ends in an expanded foot plate, the delic 
cate processes of which are in relation to the end avborizitions of the 
dendrites of the bipolar cells (cane bipolms) in the outer veticular 
layer, The cone cells have (o do with the perception of color vision. 

8. Tue Ouree Lining Meameant. Phe outer limiting menbiane 
isa thin fenestrated membrane farmed of the fibers af Miller. "Ehese 
fibers, similar to neuroglia, foun the main supporting tissue of the 
retina) coat of the eye. 

4. Tue Outer Nucumar Layer. Phe outer nuclear layer is com. 
posed of the nuclei of the red and cone cells. Only a very small amount 
of cytoplasm surrounds these nuclei. The rod nuciei ave small, spherical 
bodies that stain densely. ‘Mhey occur at diflerent levels in this layer, 
‘Che nuclei of the cone cells are kuger, mare vesiculity, and form a 
single row just within the outer limiting Incmbnane, “The cone nuclei 
are separated by definite intervals. 

5. Tios Ourre Revicunar Laver. The outer reticular layer is a 
narrow area between the outer and inner nuclear layers. [t consists of 
the vod and cone {thers and their endings iu velution to the dendritic 
processes of the bipolar cells, The dendritic process of one red bipolar 
cell is related to the fibers of several rods, but the cone bipolar anas- 
Lomoses with the process of only one cane cell. 

6. True Inner Nuchiar Laver. Vhe inner nuclear layer contains 
three principal types of cells: (he horizontal, cells (they form an outer 
zone of nuclei), the bipolar cells (louming the middle sone) and the 
amacrine cells which fort (he inner zone. 

The borizontal cells have clongated and flattened cell boclies with 
oval nuclei. Their dendrites are in velation to une group of rod and 
cone cells, while the terminal fibers of their axons are related to another 
group of rods and cones. Their fimction is perhaps to cordinate visual 
impulses between uve sets of visual cells. 

The bipolar cells are known as the rod bipolar and cone bipolar as 
they are in relation to the fiber processes of the rod or cone cells, The 
bipolar cells consist of a slightly oval nucleus surrounded by a small 
amount of cytoplasm. These cells give rise (0 two processes: dendritic 
processes, which extend ito the outer reticular layer where they are 


THER EYtaalrl 1G 


in relation to the terminal processes of the rod and cone thers, and 
axons which extend into the finer reticular layer where they are associ- 
‘ated with the dendritic processes ol the ganglion cells. 

Theamaaine cellyare peculiar in that they appeat to possess richly 
branched dendrites but ne axons. Their deudrites ae in relation to 
processes from the ganglion cells. Some investigators Claim Co have estab 
lished the existence of aconnection throug long, delicate processes hy 
which impulses ave Gansmilted Chrough the amacrine cells from the 
ganglion cells to the rads and canes, 

7, ‘Tre Inner Reviecuar LAyver, Like the outer reticular layer, the 
inner reticular layer is essentially an area accupied by protoplasmic 
processes (rom the cells of che adjacent layers. In it the synaptic rela- 
tions are formed between the axons of the bipolar cells and the 
dendritic processes ol the ganglion cells, as well as the processes of the 
amacrine cells. 

8. Tum Layer or GANGLION Cutis, The ganglion cell layer is a sin- 
ele row of large multipolar ganglion cells located internal to (be inner 
reticular layer, The ganglion cells contain large vesicular nuclei with 
deeply staining nucleoli, Nissl bodies and neurofibrillae are present in 
their cytoplasm, The dendrites of the ganglion cells extend into the 
inner reticular layer where they come into synaptic relation with the 
axons of the bipolar cells. 

% Tun Laver or Nerve Finers, The axons of the ganglion cells 
form the nerve fiber layer on the inner surface of the retina. The fibers 
are anangect in bundles which converge toward the optic dise where 
they turn sharply outward, pass Hvough the wall of the eyeball, and are 
continued to the brain as the optic nerve, Not all fibers of the fiber layer 
transmit impulses (rom the retina to the brain (centripetal fibers), same 
of the fibers pass from cells located in the brain to the retina (centrifugal 
fibers), ‘Vhese (fibers come into rélation with the anaevine cells, which 
are believed Lo relay their impulses to the rods and cones. 

10. Tue Innex Lovrring Muamrane, The inner extremities af 
Miller's fibers lorin expansions which, when joined together, constiuue 
the inner limiting mentbrane lying between the fiber layer and the 
hyaloid membrane, 

As nieutioned previously, Miller's fibers form the main supporting 
clements of the retina. ‘These fibers give off lateral processes which break 
up into fine branches, “These branches form a reticulum which gives 
support to the nervaus elements ol the retina, In the region of the 
inner nuclear layer, Miiller’s fibers expand and form sia! inasses of 
protoplasin which enclose oval nuclei. The outer ends of the fibers alsa 
form expansions, the expansions aniting and constituting the outer 
limiting membrane. Numerous delicate fibers extend trom the outer 
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limiting membrane between the rods and cones which they support. 
Other supporting elements are neuroglia cells of the astrocyle type, 
which occur in the ganglion cell layer and in the layer ol nerve 
cells, 

TUK MACULA LU'LEA. The macula lutea is a thickened area, 
oval in oulline, which lies lateral to the posterior pole. The thickness 
of the macula is due toan increase in the number of cells in the ganglion 
cell layer, the increase being [rom a single row of cells outside of the 
macula to a layer in which eight or more tows of cells may he present, 
A similar increase takes place in the inner nuclear layer. 

THE FOVEA CENTRALIS, ‘Che lovea centvalis is a small de- 
pression in the middle of the macula hitea, in which the thickness ol 
the ietina is gieatly reduced to give the least interlerence with the 
passage of light, Gones are the only visual clements present in the Jovea, 
The reticular layers ae combined in a single layer inunediately  be- 
neath the fovea, in which only a few bipolar cells ae present. The 
ganglion cell layer is entirely absent in che fovea, the cells being dis. 
placed outivard into the outer area. 

Owing lo the fact that the nuclear layers are located to one side ol 
the depression, the cone fibers are divected obliquely and are consider: 
ably lengthened, constituting a special arrangement known as the fiber 
layer of Henle. he choroid is also thickened opposite the fovea, the 
increase taking place in the choriocapilfaris. ‘Uhe yellow color of the 
macula is nat due to the presence of a special pigment, but to the man- 
ner in which light is reflected bom the inner retinal layers, 

The visual clements disappear close to the border of the ciliary 
body, at which point the thickness of the retina is abruptly diminished, 
The rods are the fist to be lost and they ave soon followed by tie cones 
which become rudimentary before they disappear. "his transition takes 
place along an irregular line Known as the ora serrata. Anterior to the 
ora serrata, Miiller’s fibers are replaced by the unpigmented columnar 
cells of the pars ciliaris. "These cells gradually diminish in size and at 
the junction ol the ciliay body with the iris acquire pigment granules, 
both layers ol the retina being pigmented on the posterior surface of 
the iris, 

The blood supply of the retina is through the central retinal artery. 
This aitery enters in the optic nerve and emerges on the nasal side of 
the optic disc where it breaks up into branches, The larger branches 
continue in the fiber layer where they give off sinaller branches which 
end in capillary necworks in the inner reticular and nuclear layers. The 
outer nuclear layer and the layer of rods and cones which are avascular 
receive their nutritive material from the choriocapilfaris of the choroid, 
In general, the veins follow the course ol the arteries. 

‘Lhe lymphatics form perivascular spaces about the bload vessels, 
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The Anterior Division of THe Tyr 

The anterior division of the eye begins at the general plane of the 
ova serrata and includes: 1. the cornea, 2, the ciliary body, 3. the iris, 
and 4. the lens. 

1, THE GORNEA. The cornea constitutes the anterior one-fifth 
of the eyeball It: is'a continuation of the sclera, but differs from it in 
its greater curvature and the transparency of its substance. TC is an im- 
portant part of the refracting mechanism of the eye, is refractive power 
being nearly twice chat of the lens, The zone in which the Gemsparent 
substance of the cornea merges into the sclera is known as the lénbus, 
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the position of which is marked bya slight groove encircling the border 
of the cornea. Beginning at the outer surface, the corneit consists of the 
following layers: 

The epithelial layer ; 

The anterior basal membrane (membrane of Bowman) e 

The substantia propria 

The posterior basal membrane (membrane of Descemet) 

The mesenchymal epithelial layer (usually referred to as the endo- 
thelial layer) 

Tur Eervieuiat Laver, The epithelial layer forms the external 
covering of the cornea, It isa Unin, stratified squamous layer which is 
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Ke, 265, Section through human corned, Photamicrograph. 


continuous with the conjunctival epithelium of the sclera. It consists 
of several ‘rows of distinctly outlined cells, the basal layer of which is 
composed. of cuboidal. or low columnar cells. with characteristically 
rounded outer ends, ‘The nuclei are slightly oval. The basal surfaces of 
these, cells.are provided with toothlike. projections by which they are 
amore firmly attached to the basal membrane, ‘The cells of the inter- 
médiate layers are polyhedral with round or oval-nuclei and more 
deeply staining cygoplasm: tha ells of. the basal layer, The cells of 
the outer layer are flat: wi ed oval: nuclei; Under normal con- 
ditions the cells of the Outer layer.do not: become keratinized, 

eo RoR BASAL. MEMBRANE. (BOWMAN'S: Meaesrann), “This 
{ ck. homogeneous met neon which the epithelial layer 
Vormerly this layer was known as the “outer elastic membrane.” 
cloes not possess clastic. properties, but serves as a protective 
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lieved to be a modified portion, Although homogencous in appearance, 
its Wbrous character can be demonstrated by appropriate methods, 

Tim Scustan uta Proprta. This layer forms the principal part af 
the cornea. Tt is directly continuous with the sclera and like the sclera, 
consists of collagenous (thers arranged in dkitened bundles, che bundles 
lying parallel to one another in the same plane, but crossing those ol 
alternating planes at right angles. The fibers and fther bundles me 
bound together by an intercellular cement, a substince whieh probably 
is more or less fluid in ity nature, The cellar elements, known as the 
coineal corpuscles, are located in the spaces between the fiber bundles 
with the processes of the cells, in the same level, anastomosing with one 
another. Lymphocytes and guanular leucocytes are presen in (he inter. 
fibrillar spaces, thei: number increasing whenever the cornea becomes 
inflamed. Fibers known as acuale fibers pass between the lamellae and 
serve to bind them together, Elastic fibers are present but they are more 
numerous in the region of Descemet’s membrane than elsewhere in 
the comnea, 

Tum Posrrrtor BasAL Mrarrane (Drsceatia’s Maar prane), This 
isa thin, homogeneous layer beuveen the substantia propria and the 
mesenchymal epithelial layer and is regarded as forming the basement 
membiane on which the mesenchymal epithelial layer rests. Its elastic 
properties are indicated by its reaction to selective stains, 

The ower portion of the sclera overlaps the margin of the cornea. 
This condition is reveised, however, on its iNet margin where Desce 
met’s membrane breaks up inte tine Gbrous bandles at the sclerocorueal 
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junction, Some of these fibers provide for the attachment of the ciliary 
vuscles, others form the inner houndary of a venous canal, the canal 
of Schlemm (sinus circularis hidis) which cucireles the eyeball Close to 
the margin of the cornea, ‘The fibers which extend liom Descemet's 
membrane and form the lateral wall of the anterior chamber of the 
eye, continue around the iridial angle to the reot of the iris and con- 
stitute the peetinate ligament (ligamentim pectinatian iridis). Vhe 
fibers of the pectinate ligament enclose a number of spaces, the spaces 
of Fontana, through which fluid may pass from the anterior chamber of 
the eye into the canal of Sehlemm, 

Tom MrsencuyManL EpriurciaL Laver (Porunarny Termep Invo- 
raviiaL LayvER) This layer consists of a single layer of flattened cells 
which lines the inner surface of the cornea and is continued about the 
fibers o| the pectinate ligament, thus providing an epithelial lining for 
the spaces of Fontana, Continuing over the iridial angle it extends 
upon the anterior surface of the iris, 

The cornea itself is avascular. It receives nutritive material from a 
number of capillaries which form a network about its margin in the 
region of the limbus. 

Branches from the ophthalmic nerves enter the substantia propria 
Irom the networks about the corneal border, These fibers pass between 
the lamellae and alter perforating Bowman's membrane, they end 
between the cells of the epithelial layer. 

2, THE GILIARY BODY. The ciliary body is that part of the 
choroid which lics between the ora serrata and the sclerocorneal junc. 
tion, Tt forms a thickened muscular ring encircling the eyeball, which 
appears triangular iu form when scen in seétion, Us auter surface is 
adjacent to the sclera while its inner surface is covered by the anterior 
extension of the nonvisual portion of the retina (pars ciliaris), On its 
inner surface there area number of folds which project inward and are 
knownas the ciliary processes, 

The first part of the ciliary body, the orbicularis ciliaris, consists of 
a firm, fibrous, deeply pigmented structure containing the veins which 
convey blood from the ciliary body and the iris, Jt forms a smooth ring 
about the inner surface of the eyeball just anterior to the ora serrata, 

The second part consists of the smooth muscle fibers of the ciliary 
muscle, These fibers are arranged in an outer, meridional layer, a 
middle, radial layer and an inner, circular layer. ‘The meridional fibers 
(muscle of Briicke) arise Jrom an extension of tte sclera near the canal 
of Schlemm and extend backward to be inserted into the anterior 
border of the orbicularis, The radial fibers originate with the meridi- 
onal fibers but curve inward toward the ciliary processes, into the roots 
of which they are inserted, The bundles into which the radial fibers are 
gathered, are separated by Lands of connective tissue in which numer. 
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Tic, 267, Cillary bady, suspensory ligament, lens and ora serrata seen from behind, 
Note that the (ceth of the ort sexrata-are the worst iarked on the Cemporil side where 
cystic degeneration (shown by mottled appearance) is best developed, (Courtesy, Wollls 
“The Anatomy of the Kye and Orbit,” Philadelphia, The Blakiston Company.) 


ous elastic elements are present, The circular fibers (ciliary muscle of 
Miiller) form a ring about the eyeball at the inner angle of the ciliary 
muscle close to the root of the iris, 

The contraction of the fibers of the ciliary muscl¢ lessens the pull 
of the suspensory ligament on the elastic lens capsule, the lens becom: 
ing by its own elasticity more convex, The focal distance of the rays of 
light passing through the refractive media of the eye, are altered by the 
changes which take place in this manner in the curvature of the lens. 

The ciliary. processes consist of 70 to 80 meridionally clirected ridges 
on the inner surface of the ciliary body. These ridges are low at the 
ovbictlaris but increase to the height of a millimeter or more opposite 
the equatorial. region of the lens. ‘They consist of a delicate stroma: of 
connective tissue, continuing the connective tissue stroma of the ciliary 
body, in which numerous elastic fibers are present, The stroma of the 
ciliary processes is covered by the nonvisual portion of the retina 
which forms the pars ciliaris, : 

The principal blood supply of the ciliary body is by arteries which 
form a circle about the eyeball at the root of the iris (circulus arteriosus 
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appeav black, ax the pigment reaches to the apex, (Courtesy, Wollls “Tho Anatomy of 
the bye and Orbit," Philadelphia, The Makiston-Company,) 


iridis): Branches from this arterial civele extend radially into the ciliary 
body, the ciliary processes and the iris and form the principal part of 
their supply. ; ; ; 

— The ciliary muscle receives its innervation via the oculomotor nerve, 
ciliary. ganglion and short ciliary nerves, The nerves to the ciliary muscle - 
are the fibers of the oculomotor nerve, The postganglionic fibers from 

. the cillary ganglion: reach the ciliary muscle by way of the short ciliary 
nerves, Sensory fibers are.also saicl to be present. 

3. THI ERIS, The tris is a circular, curtainlike fold extending 
inward from the ciliary bocly, in front of the lens, It bounds amore or 
_ less central, circular opening, the pupil, The portion of the iris which 
_ bounds the pupil is known as the pupillary border. The root of the iris 

ched. to the ciliary body. from which connective tissue fibers pass 
§ posterior part. Fibers from the pectinate ligament pass into its 
ior part. These fibers are arranged in bundles, between which are 
‘clefts or lymph spaces, A thin layer: of mesenchymal epi- 
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Tie 269 Vertical section of a portion of the human his and lens, The tis is applied 
so closely to the lens that the posterlor chamber ol the eye is pritctiatily obliterated, 
Photomiciogiaph. 


thelial cells rests upon, but does not loam a complete covering over, 
the entire anterior surface of the tis, Open spaces appear here and 
there in the mesenchymal epithelial layer, through which the lymph 
spaces of the stroma communicate with the anterior chamber of the eye. 
These spaces also communicate with the spaces of Fontana, The inner, 
o1 posterior surlace of the iris is covered by a two-layered extension of 
the retina which is known as the pars iridica, 

In the tissie ammediately beneath the mesenchymal epithelial layer 
(called endothelium in most texts) the lage, branched stellate cells are 
quite close together and inay be several layers in depth, They are sup- 
ported by a relatively small number of connective tissue fibers among 
which no blood vessels are present. This portion of the stroma is known 
as the anterior border layer. The cells of the anterior border layer are 
heavily pigmented in daik-eyed persons, but only lightly so in those 
who have blue eyes, The blue color is due to the reflection of light 
through this layer, from the move heavily pigmented cells in the pos- 
(criot layers, 

The portion of the retina which lies on the posterior surface of the 
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No. 270 Vertical section of the pupillmy portion of a himan his. About one filth of 
the cume width of the tis is shown, Photomiciogiph, 


iris consists of Gwo rows of celly both of which are heavily pigmented, 
This layer cuds abruptly on the pupillary border, 

Between the pigmented epithelium and the anterior border layer, 
the connective Ussue fibers give support (o numerous thick-walled blood 
vessels, which form a vascular layer, These vessels are branches of the 
circulus arteriosus, from which they extend radially toward the pupil- 
lay border, A peculiarity of the vessels of the iris is that their walls are 
lormed by connective tissue fibers only and contain no muscular o1 
clastic fibers, although elastic fibers are plentitully present in the sup- 
potting stroma. Numeious btanched, pigmented cells are intermingled 
with the connective tissue fibers in the vascular layer. 

Two sets of conuiactile elements are present in the iris: the sphincter 
pupillae muscle and the dilator pupillae musele, The sphincter is a 
thick ring of smooth muscle fibers located in the vascular layer just 
within the pupillary border, ‘The dilator muscle consists of a layer of 
fiberlike cells, extending Irom the pupillary border to the root of the 
iris, These cells are located between the pigmented epithelium and the 
vascular layer, The dilator muscle consists of a contractile portion which 
is coward the vascular layer, and a nucleated portion which has the 
appearance of being a park af the pigmented layer. ‘Che morphology 
of the elements which form ‘the dilator muscle bas been the subject of 
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some debate. It is now generally believed that they ae derived from 
the epithelial cells of the retinal layer and therelore, ate myoepithelial 
structures, 

The nvuscular tissues of the itis ate supplied by branches fram the 
ciliary nerves, The sphincter ts innervated hy postganglionic fihers lrom 
the ciliary ganglion, The preganglionic fibers originate in the auto 
nomic portion of the oculomotor nicleus and reach the ganglion aver 
the oculomotor nerves. ‘The dilator pupillae is innervated by post- 
ganglionic fibers of the thoracolumbar systen), originating in the supe- 
rior cervical ganglion and reaching the eye via 
the carotid plexus and short ciliary nerves. 

4. THE LENS, ‘The lens is a transparent, 
biconvex body located immediately behine 
the iris, Its posterior curvatute being some- 
what greater than its anterior curvature and 
its posterior surface rests ina depression 
on the anterior pat ol the vitreous body, 
The distance between the mid-point of the 
anterior surface of the lens Lo the mid-point 
of its posterior surface is about 4 inn, its 
vertical diameter in the equatorial plane 
varies hom 8-LO mm. The lens is enclosed 
by a Gansparent, clastic membrane, the dens 

Te 87. Lens lewd  (@psule, Ut is attached to the ciliavy body by 

fom side, 4 xX, (Contes, — the suspensory ligament, 
he iid Resets cre The lens epitheliun is a single layer ol 
Philadelphia, The Blakiton ¢Ubordal cells covering its anterior surlade, 
Compiny,) immediately beneath the anterior portion of 
the capsule, These cells which are elongated 
toward the equator me vanslormed into flattened, six-sided prisms, 
the dens fibers, which ae held together by an interfibrillar cement, The 
nuclei lic in the superficial part of the lens, in the region where the 
transformation of the cells into lens fibers takes place, This region is 
known as the nuclear or transitional zone, 

Tn the growth of the lens, the fibers which are formed first are over: 
laid by those which are formed later. This results in the fibers being 
arranged in concentric layers or lamellae, The more deeply placed 
lamellae degenerate and harden, forming the lens nucleus, Phe super- 
ficial lamellae are softer and can be compressed when (he ciliary muscles 
pull on the substance of the lens, By the relaxation of the tension on 
the lens capsule and by the elasticity of the lens, ils curvature is altered 
and its local adjustment changed. 

5. ‘THUS SUSPENSORY LIGAMENT, ‘The suspensory ligament 
consists of fibers by which the lens is attached to the ciliary body, These 


& 


i 


a 
° 
7 





THE OPTIC NERD? 478 


Epithelium Capaule 


of lens of hos 


é 
B assis e 





Zomula Nutleny zone 
fiber of lu 


Fic, 272 Meridionnl section dough the mmginal portion of a lens, Mhotomicoguph. 


fibers, which are derived Crom the orbicularis ciliaris and the corona 
ciliaris, pass racially over and between the ciliary processes, to insert 
into the lens capsule in Gvo bands, one in tront and one behind the 
fens equator, The triangular space which is formed between the diverg: 
ing fibers was once thought to be a specialized channel, the eaial 
of Petit, ‘The entire zone occupied by the fibers of the suspensory liga- 
ment as (hey encircle the leus, is known as the zonule of Zinn 
THE OPTIC NERVE 

The optic nerve is composed of fibers which extend (rom the retina 
to the brain, As has already been pointed out, these fibers are the axons 
of the ganglion cells in une layer of that name in the retina, Within the 
eyeball the fibers are gathered fnto bundles which converge on the 
optic disc, where they turn outward and pass ‘through the danina 
cribrosa of the sclera, Alter passing through the lamina ciibrosa the 
fibers acquire a myelin sheath but are not enveloped by a neurilemma, 

The optic disc is a nonvisual area about 1.5 nim, in diameter and 
is known as the “blind spot" of the retina, “I he retinal fibers are arched 
as they tui to enter the disc. This results in the formation of a depres 
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Fre 275. Posterior segment of the eye, showing the emagence of the optte nerve (Ga) 
Cental atay (Gh) Chovout (1) Liber tayet ec) Camina cubrasit. (NE) Libers of the 
optic nerve. (PD) Physiological depression (blind spot), QR) Retina, (Ra) Retmal atery, 
(5c) Sdera. Photomiaogiaph 


sion in the muddle of the disc which is known as the physiological 
depression. 

The fibers of the optic nerve are arranged in bundles. the bundles 
being suounded by septa of connective tissue, Netoglia elements 
are (o be found among the nerve fibers. The axial portion of the nerve 
1s occupied by the retinal artery and vein which enter it a short distance 
behind the eyeball. Branches of the artery extend through the connec 
tive tissue septa and supply che various parts of the uetve. 

Since the optic neive is an outgrowth of the iain, it is enclosed by 
extensions of the membranes by which the brain is invested. These are: 
the outer or durdl sheath, the fibers ol which intenmingle in the eyeball 
with the fibers of the outer third ol the sclera. A thin membrane, con- 
unuing the pia mater, is closely applied to the nerve and sends fibrous 
extensions in the Lorm ol septa, between the bundles of netve fibers. 
The fibers ol the pial sheath become conunuous with those of the inner 
third of the sclera. 

The space between the dural and pial sheaths is called the infer 
vaginal space. A thin membrane representing the aachnoid, divides this 
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space into lwo partis: the webdial space between the arachnoid and. 
the dura, and the subaachnoid space between the avachnoicd and the 
pia. These spices ate cowed by delicate fibers which commect the 
wachnoid with the dina and also with the pia. Phe fibers comecung 





Ne, 274. Partin’ section Uhough optic nerve show 
Ing contual ret watery. Phatomboaguiph 


the arachnoid with the pit ae mote numerous than those connecting 
iu with the dura. The subarachnoid space of the optic nerve is cons 
tinuous with that of the brain and contains cerebrospinal fluid. In 
creased pressure af the latter is rellected, therelore, by pressure upon 
the optic nerve fibeis and the retinal artery and vein, leading to 
papilledema and diminished vision, “These ave important diagnostic 
signs of intracranial disease, 
THE EYELID 

The eyelids (palpebrae) ave uwvo folds of skin, one above (upper 
eyelid) and one below (lower eyelid) and so auanged that they can be 
drawn over the fiont of the eye for its protection, Their involununy 
movement not only keeps (he Ierimal (lid (tears) sprencl aver the ex: 
posed portion of the eyeball, thus preventing the diying of the tissue, 
but it also serves for the removal of particles of dust which have settled 
on the anterior or exposed portion al the eyeball, 

The onter surlace of cach fold is covered with a thin layer of integu- 
ment, beneath which the subcutaneous tissue consists of loosely arranged 
collagenous and elastic fibers, Small, delicate haiis are scaucred over 
this surlace, associated with which are both sebaceous and sweat glands, 

The integument is continued over the anterior angle ol the Hel and 
forms the covering of the (ree or palpebral boider, This bears two ot 
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three rows of coarse hairs, the eyelashes or cilia. The cilia are set in 
follicles that are directed obliquely and extend deeply into the sub. 
epithelial tissue. Modified sebaceous glands (the glands of Zeiss) and 
large, coiled sweat glands (the glands of Moll) open into the follicles or 
on the free surface of the border. 

The inner surface ol the lid is covered by a membiuine whieh has 
more of the characteristics of a mucous membrane than of an integu- 
ment, This membrane is called the conjunction, ‘The sustace ol the tid 
which is covered by the conjunctiva is known as Whe confuncttoal sia- 
Jace, or because it is the surface directed toward the eyeball, it is called 
the ocular surface. ‘Vhe part of the conjunctiva which lines the inner 
surface of the lid is Known as the palpebral conjietiva, Passing trom 
the lid it extends onto the surlace of the eyeball where it forms the 
bulbar conjunctiva. The bulbar conjunctiva consists ol two parts: that 
which lies upon the sclera, the seleral conjunciiva, ancl that which covers 
the cornea, the corneal conjunctiva, As Ure conjunctival membrane ex- 
tends {rom the eyelid to the ocular bulb, it forms an arch between the 
two, the tissue of which is more or less folded. Ubis arch is known as the 
fornix, 

The stratified squamous epithelium af the palpebral border con- 
tinues over the posterior angle ol the lid and passes upward an its con- 
junctival surface for a variable distance, to become a yo or three layered 
stratified colummar epithelium. ‘Che goblet cells which are to be found 
in considerable numbers among the low columnar cells of the free 
surface of the epithelium, ave known as the mucous cells of Leydig, 
The form which the conjunctival epithelium assumes ou the inner 
surface of the lid is continued over the fornix, As it becomes the bulbar 
conjunctiva it loses its tunica propria and is reduced toa thin, stratified 
squamous layer, The mica propria is a layer of delicate connective 
tissue fibers on which the conjunctival epithelium: rests. [contains 
numerous lymphocytes and small nodules inay be present, especially in 
the region of the fornix, 

Interna! to the conjunctival surface the connective Lissue fibers are 
closely interwoven and form a firm, compact structure known as the 
tarsus or tarsal plate. The inlerior border of the tarsal plate lies close 
to the palpebral border of the lid, its superior border merges gradually 
with the tissue underlying the conjunctival membrane, ‘The tarsal plate 
provides a firm support for the lid and also forms a smoath surface for 
the movement ol the lid over the eyeball, The tunica propria is reduced 
lo a thin layer over the plate, the epithelium having the appearance of 
lying directly upon it, 

The tarsal plate contains a nnmber of glands, so arranged that the 
apertures of their ducts orm a row ol small openings on the palpebral 
border just in front of its posterior angle. These glands are known as 
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the Meibomian glands, Each gland consists of a cttct, ued with strati- 


fied squamous epithelium, which extends vertically in the plate, and a 
number of saccular glands, secreting an oily substance (sebum pal- 
pebrarum), which are attached to the duct by short necks, The glandu- 
lar portion of the Mcibomian glands closely resembles the sebaceous 
glands, of which they are a modified form, The oily substance secreted 
by these glands, lubricates the borders of the lids and also Jorms a film 
which prevents the lacrimal Quid from flowing from the conjunctival 
sac onto the surface of the lid. 

Small tubular glands, the glands of Henle, are located in the con- 
nective tissue above the superior border of the tarsal plate. Groups ol 
serous glands are also located in the connective tissue of the lornix, 
These are known as the accessory lacrimal glands ov glands of Krause, 

A number of striated muscle fibers arranged in bundles which are 
cut transversely in vertical sections, occupy almost the entire middle 
portion of the lid (orbicularis palpebrarum muscle). These bundles are 
separated by septa of connective tissue which are continuous with the 
connective tissue beneath the cutancous and conjunctival surfaces, A 
small bundle of these fibers, which has the appearance ol being sepa- 
rated fiom the main portion ‘of the muscle, lies between the roots of 
the cilia and the tarsal plate, This is known as the ciliary muscle of 
Riolan, Striated fibers from the levator palpebrae muscle enter the lid 
posterior to the orbicularis, The tendinous fibers of the Jevator muscle 
are allached to the deep surface of the tarsal plate, They also spread 
out and, extending between the fiber bundles of the orbicularis muscle, 
are inserted into the deep surface of the skin. A number of bundles of 
smooth muscle fibers, the larsal muscle of Miller (superior tarsal 
muscle) in the upper lic, and inferior tarsal muscle in the lower lid, 
pass lrom the Lendon of the levator palpebrae to the superior border of 
the tarsal plate, 

The blood supply of the eyclid is by vessels which enter at cach angle 
of the eye and by anastomosing, Lorm two arches: a superior tarsal arch, 
which lies anterior to the upper border of the tarsal plate, and an in- 
ferior tarsal arch, which lies in front of the inlerior border of the plate. 
The branches {10m these arches penetrate the tarsal plate and supply 
the Meibomian glands, Other branches Lorm capillary networks in the 
tissue of the conjunctiva, the muscle bundles and the skin. The veins 
which carry the blood from the lids, join the ciliary vessels in the sclera, 

The lymphatics are in the form ol networks about the tarsal plate 
and beneath the skin, their large efferent vessels following the course 
ol the arteries and veins, 

The nerves are from the autonomic, sensory and somatic motor 
centeis. The autonomic fibers form networks in the connective tissuc 
beneath the conjunctiva. Fibers from these networks pass to the 
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i, 
Meibomian glands, (6 the other glands of the eyelid, to the walls of 
the blood vessels and to the smooth muscle of the tarsac. The sensory 
fibers lose their myelin sheaths and end frecly among the cells of the 
conjunctival epithelium. Other fibers terminate in end bulbs in the 
subconjunctival connective tissue, The somatic motor nerves are dis. 
tributed to the striated fibers of the muscle bundles, 


THE LAGRIMAL GLANDS 


The lacrimal glands are small, oval boclies having a length of about 
20 mm, and a breadth of about 12 rum. ‘Their shape resembles that of 
a small almond. They are located in a depression in the bone of the 
orbital roof, on the temporal side, which is known as the lacrimal fossa. 
Instead of being a single gland, each lacrimal gland consists of 8-12 
glandlar structures which communicate independently with the con- 
junctival sac, The openings of their ducts form a row of small apertures 
close to the anterior border of the fornix, The glands are surrounded 
by a common capsule but are separated by broad septa of connective 
lissuc, 

The lacrimal glands produce a watery secretion, the lacrimal fluid 
commonly referred to as “tears,” which spreads aver the exposed por- 
tion ofthe eyeball keeping it moist and at the same time serving asa 
lubricant to facilitate (he movements of the lids, Lt also aids in the 
removal of small particles of clust which have settled on the exposed 
surlace of the eyeball, 

In general appearance, the lacrimal glands are similar to the parotid 
glands, from which they may be distinguished by larger hunina and 
by the presence of baskel cells (myoepithelial elements) beuween the 
epithelial cells and the basement membrane. 

The secreting tubules are of two kinds: those in which the cells of 
the glandular epithelium are tall and narrow, and those in which the 
cells are Low colunmnar or cuboidal. ‘The tall cells become shorter after 
their secretion products have been discharged. In the shorter cells the 
secretion products are in the form of large, rounded masses, the cyto- 
plasm being confined to the basal portion of the cell. The connective 
tissue septa by which the two kinds of secreting tubules are separated, 
contain large numbers of lymphocytes, “These (wo cell types probably 
represent merely different functional phases of the same cell, the 
taller cells alter discharge of their secretions, shrink and assume the 
shorter form, 

The secreting tubules of each division of the gland are connected 
by small, intercalated ducts ¢o larger interlobular ducts, which in their 
turn unite co form the principal excretory duct through ivhich the 
secrdtion of thé gland is conveyed to the conjunctival sac. The inter 
calated ducts are Lined by a cuboidal epithelium, The epithelium of 
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Tic, 276 Section though a Jacimal gland, (Ac) Glandular acini, (Tc) Tnterstluial con- 
nective tissue, (By) Blood vessels, (Ds) Ducts. (Sm) Connective Ussue septum, — (Id) 
Intercalary dict communicating with several acini. 


the interlobular ducts is formed by cither cuboidal or low columnar 
cells, The large excretory ducts are lined by a two layered, columnar 
epithelium, 

The lacrimal fluid leaves the conjunctival sac by the following 
channels: minute openings, the lacrimal puncia, are located at the 
summits of two conical elevations, the lacrimal papillae, near the medial 
angle of the eye. The puncta lead into two small canals, the lacrimal 
canaliculi, Unrough which the fluid passes to the dilated upper end ol 
the tear duct, the lacrimal sac. The tear duct, ov nasolacrimal duct, 
leads {rom the lacrimal sac through the bony canal to the point in the 
inferior meatus where it opens into the nasal cavity, 

The canaliculi are lined by a stratified squamous epithelium which 
rests on a layer of delicate fibrous tissue containing humerous lympho- 
cytes, This layer is called the wunica propria, The tissue which sur 
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rounds the tunica propria is well supplied with clastic fibers. The 
lacrimal sac and the nasolacrimal duct are both lined with a two-layered 
columnar epithelium, some ol the cells of which are supplied with cilia, 
The epithelium of these channels rests an a delicate tunica propria in 
which a large number of lymphocytes are present. The loosely a raged 
connective tissue which lies between the duets and the periosteum ol 
the surrounding bone, contains a rich plexus of blood vessels, 

The accessory lacrimal glands (Krause's glands) have already been 
described (see p. 480). They are small, compound tubular glands Jo- 
cated in the connective lissue which lies beneath the epithelium of 
the Lornix, their position being toward the medial (nasal) angle of the 


eye. 
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The ear is the organ of hearing, and a portion of it is differentiated 
to receive proptioceptive stimult concerned with equilibrium. By lo- 
cation it is divided into thice parts: the exfernal ear, the middle ear, 
and the infernal ear, 

The external ear consists of the auricle or pinna, which is an ivreg- 
ulaily shaped, flaplike appendage attached to the side of the external 
auditory meatus, which is closed internally by the Ku panic membrane 
or ear drun, 

The middle ear is an irregular cavity in the temporal hone, Tt is 
separated laterally from the external ear by the tympanic membrane, 
Anteromedially it connects with the nasopharynx by way of the Zusta- 
chun (auditory) ube. 11 contains (hiee small bones, the auditory ossi- 
cles, which transmit the vibrations caused by sound waves striking 
against the tympanic membrane (o the siuctures of the inner eay, 

The inner car consists ol a complex arrangement of membranous 
sacs and tubes which constitute Ue membranous labyrinth. In certain 
restricted areas in the membranous labyrinth, occur specialized neuro- 
epithelial clements which receive the stimuli fot both sound and equi- 
librium and initiate the impulses which ave Gansported by way of the 
auditory and vestibular nerves, respectively, to the brain, The mem 
branous labyrinth is enclosed within cavities in the petrous portion ol 
the temporal bone, which conform ina general way to the shape and 
arrangement of the structures of the membranous labyrinth. Vhese cavi- 
ues in the bone Lom the bony (asseous) labyrinth, 


THE EXTERNAL EAR 

The structures of the external ear, the auricle and external auditory 
meatus, collect the sound wayes and convey them to the point where 
they impinge on the tympanic membrane. 

The auricle is a large Mattened fold of skin supported by a plate 
ol clastic cartilage. Ils anterior surface is moulded into a number ol 
folds and ridges by the irregularities of the cartilage. [ts posterior sur 
face is convexly curved to correspond to the concavity of ils anterior 
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Me, 277, Dissection of the right em, anterior half removed. Natural size. (Courtesy, 
J. Pusons Schaelfer, tds “Motis’ Liman Attiomy,” Philadelphia, ‘Che Blnkiston 
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surface. The skin covering its surlaces is exceedingly thin and is at- 
tached directly to the perichondrium anteriorly, a layer of subcutancous 
connective tissue being interposed beuveen it and the perichondrium 
on the posterior surlace, ‘The skin covering the auricles is provided with 
a number of delicate hairs, assaciated with which are small sebaceous 
glands. A few small sweat glands are present on (he posterior surface 
of the ear. 

The exfernal auditory meatus is a slightly twisted canal which ex- 
tends Lrom its external opening to the tympanic membrane. A plate of 
cartilage, continuous with the cartilage which supports the auricle, sur- 
rounds its outer third, This cartilage Is incomplete in its upper, pos- 
terior portion, thas providing an approach Jor the blood vessels and 
nerves which supply the structures of the external ear, The inner two: 
thirds of the external meatus is located in the lateral portion of the 
temporal bone. 

The skin which covers the auricle is continued into che menus and 
forms ils lining, Leis relatively thick In the cartilaginous portion, In the 
bony portion the corium merges with the periosteum, except in the 
thickened area which covers Lhe roof, 

' Tn the outer part of the ufeatus the skin bears a number of fine 
hairs, The hairs in the bony portion of the canal are confined to the 
tissue thal lines (he roof, A number of large, stiff hairs are present near 
Ufe external opening of (he meatus and they guard against the entrance 





Ftc, 278, Sectton through a portion of the wall of the external audliory canal, (Ep) 
Epithelial lining of the canal, cn Hair follicles, (Cgy Ceruminous gland. (Gt) Elistic cars 


a i 





of fore en bodie s into the: ear. Associated with the hairs are large 
sebaceous glands. and numerous coiled. tubular glands, known: as the 
us: glands, These glands are modified sweat glands. ‘They: pro- 
¢ lrichh has a a eran goler, due to gale ee of 
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THE MIDDLE EAR 

The middle ear or fyutpanic cavity is an irregular space in the 
temporal bone between the wall of the hony labyrinth anedially and 
the tympanic membrane late rally, The cavity is filled with air which 
enters through the Eustachian tube by means of which the uyrupanic 
cavity communicates with the nasoplaryar, Poster wly it corms 
cates, by way of the tympanic antrum, with th Gir cells of the mastoid 
process of the temporal bone, The structures included in the tympanic 
cavity ave the auditory ossicles; the lensor tympant and stapedius, two 
small muscles which, by their contractions regulate the movements of 
the ossicles; and the chorda tympani, a small branch of the facial nerve. 
"The tympanic cavity and the structures it contains are all covered by 
a mucous membrane. The tympanic membrane separates the middle 
ear from the external acoustic meatus, 

The medial wall of the tympanic cavity (ateral wall of the bony 
labyrinth) is pierced by tvo small openings or “windows": the fenestra 
ovalis (fenestra vestibuli) and the fenestra rotunda (fenestra cochlea). 
The fenestra ovalis lies between the tympanic cavity ane: that portion 
of the bony labyrinth known as the vestibule, The fenestra rocunda 
lies between the tympanic cavity and the scala tympani, 
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"Lhe auditory ossicles are thice small bones, the malleus, the ineus, 
and the slapes. These bones ave made up of typical compact bone 
covered by periosteum except over their articular smlaces, A marrow 
cavity is not present in either the malleus or the incus, but is found 
in the stapes, The malleus is attached to the inner surlace of the 
tympanic membrane by a slender process, the manubriion. The head 
of the manubrium articulates with an articular facet on the body of 
the incus, The lenticular process of the incus articulates with the head 
of the stapes. The expanded toot plate of the stapes is set into the 
fenestra ovalis and is held in place by a fibrous and elastic membrane 
called the stapedial ligament. Vhe Cunction of the ossicles is to Uansmit 
vibiations (produced by the action of sound waves striking the tym- 
panic membrane) to the perilymph of the inner car, 

The tensor tympani muscle (striated muscle) lies in a bony canal 
above the Eustachian tube. A fibrous septum separates the muscle 
from the tube. The muscle inserts into the upper part of the manu- 
brium of the malleus by means of a slender tendon which makes a 
sharp turn as it leaves the bony canal in order to reach the malleus, 
The stapedius muscle (also striated muscle) arises within the pyramidal 
eminence. A small opening at the apex of the eminence allows emer- 
gence of the slender tendon of the muscle which inserts on the neck 
of the stapes. The tensor tympani muscle maintains the tension of the 
tympanic membiane, while the stapedius, by its contraction, increases 
the pressure on the perilymph of the inner car, thus acting to damp 
loud sounds or noises. 

The choidi tympani is a branch of the facial nerve which crosses 
the tympanic cavity on the inner surface of the tympanic membrane 
and over the manubrium ol the malleus, It is also covered by the 
mucous membrane lining the cavity, 

The mucous membrane which forms the lining of the tympanic 
cavity consists of a layer of thin, flattened squamous cells resting on a 
delicate fibrous layer, the unica propria, Where the mucous membrane 
lies upon the bony wall of the cavity, the subepithelial connective 
lissue meiges directly with the periosteum, The membrane lining the 
cavily 1s continued over the surlaces of the auditory ossicles and their 
muscles. Through the antrum it is also continuous with the mucous 
lining of the mastoid cells. The cells which form the epithelium about 
the opening olf the cavity into the Eustachian tube may be cuboidal or 
low columnar and are {requenUy provided with cilia. 

The tympanic membrane is a thin, semitransparent structure 
nearly oval in outline, being somewhat broader in its upper than in 
its lower part, It is supported by a ring of bone containing a deep 
groove, the sulcus tympanious, in which the thickened border of the 
membrane, the annulus fibrosus, is set. The bony ring which supports 
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Fria, 280, Cross section of the edge of the tympanic membrane af a child. (4) Tibro- 
cu tilaginous ring, (0) Bone. (ce) Sk with papillae, (dy Mucous memburne of tympanic 
cawvity, (¢) kpldeunls of the external meatus, (et) Epidermis of the tympanic membrane, 
(f) Radial bes. (ff) Ghoul thers of the yinpanic membrane. (2) Macow of the 
tympanic membiane, (4) [ty squamous epithelium. (A) Cihated colummar epitheliun 
of the tympanic cavity. (i) Vessels. (Recawn fiom vy, Ebner) (Atta Masimow and 


Bloom.) 


the tympanic membrane is incomplete in its upper part, forming a 
hiatus in the bone known as the noleh of Rivinus, Two folds arise 
from the borders of the notch and enclose a triangular area, the apex 
olf which is toward the center of the membrane. The portion ol tbe 
membrane in this area is loosely arranged and is known as the pars 
flaccida or membrane of Shrapnell. The remainder of the membrane 
is tightly stretched and is known as the pars tensa, 

The attachment of the manubrium extends from the apex of the 
pars flaccida to the center of the membrane which is pulled inward 
so that its outer surface presents a slight concavity, The cleepest point 
in this concavity is where the flattened extremity of the manubritun is 
attached, This point is known as the wndo. 

The tympanic membrane consists of three layers: an external or 
cutaneous layer, a middle or fibrous layer, and an internal or mucous 
layer. 

The cutaneous layer is continous with the skin which forms the 
lining of the external auditory meatus, Lt consists of an extremely thin 
stratum of stratified squanious epithelium, the epiderntis, which is 
supported, by a thin layer of subepithelial connective tissue culled the 
éorttim, The covimn is poorly developed and so lends with the tissue 
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of the fibrous layer chat it can be distinguished only with difficulty, The 
epithelium on the outer surface of the tympanic membrane is not 
papillated. : 

The fibrous portion or substantia propria consists of collagenous 
tissue with an intermingling network of delicate elastic fibers, the 
elastic ‘tissue being most abundance toward the central part of the 
menibrane, It presents two layers: an outer layer in which the fibers 
ave radially arranged, diverging as they pass from the umbo to the 
periphery of the membrane, and an inner layer of circularly arranged 
fibers which are in the form of a series of concentric rings, These fibers, 
particularly the radial fibers, combine to form a thickened yim at: the 
periphery of the membrane, the annulus fibrosus, which is attached to 
the groove on the ring of bone by which the membrane is supported. 
Numerous connective tissue cells occur between the fibers of both 
layers, 

The mucous layer which lies on the inner surface of the tympanic 
membrane consists of thin, flactened cells; between the cells and the 
fibvous layer is a thin substratum of connective tissue, The mucous - 
layer is continuous with the mucous membrane which forms the lining 
of the tympanic cavity. \ 

Blood is supplied by the branches of arteries in the external meatus 
and tympanic cavity. These vessels enter the thickened periphery of 
the membrane and form vascular nets on its inner and outer sides. 
These vascular nets ave connected by small branches which pass trom 
one to the other through the substance of the membrane, Branches 
pass downwatd in the substantia propria and ave distributed among its 
fibers. The veins follow, in general, the course of the arteries and com- 
municate with the larger vessels in the external meatus and the tym 
panic cavity, 

The nerves enter the substantia propria along with the vessels and 
pass to the mucous and cutaneous surfaces, beneath which they form 
delicate plexuses, 

- The innervation of the tympanic membrane is mainly by way of 
the auriculotemporal. branch of the mandibular nerve, su pplemented 
by the auricular branch of ‘the vagus and the tympanic branch of ‘the 
glossopharyngeal, These nerves transmit sensory (pain) sensation and 
also accompany and supply. sympathetic fibers to the blood vessels’ of 
the drum. © | i4 r ya e 

The Eustachian. or auditory tube (Luba auidlitiva) extends trom the 
lateral wall of the nasopharynx to the anterior part of the tympanic 
cavity. Its upper third, which passes through’a ‘bony canal, is known 
as the bony portion of the tube. Its lower ‘two-thirds is partly gure 
rounded by cartilage-and partly:by fibrous tissue, and constitutes the 
cartilaginous portion. The cartilage lies on the posterior wall and. 
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Vie, 281, Section through the cartilaginous portion of the auditory tube, Photomicrograph, 


curves around the outer side of the tube in a manner that suggests 
the form. of a fish hook when vidwed in transverse section, When 
projected lengthwise, the cartilage will be understood to form a'gtoove 
in which the Eustachian tube lies, 

In its lower part the Eustachian. tube is lined by a stratified: colum- 
nar (pseudostratified) epithelium. The epithelium of the upper part 
of the cartilaginous portion: of the tube consists of tall columnar’ cells 
which change to low columnar in the bony portion, and. may even be 
cuboidal cloge to the opening of tie tube into th anic cavity. 
Goblet cells are numerous and form. the lining imple depres- 
sions in. the epithelium, The cel’ the Lae epl le um are usually 
ciliated, ; : 
| The ea lium rests an 
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located on the outer side. The attachment of these muscles to the 
cartilage is such that they act as dilators of the tube. 


TIE INTERNAL FAR 


The internal car is located in the petrous portion of the temporal 
bone and consists of a bony and a membranous labyrinth, the latter 
enclosed in the former, The membranous labyrinth encloses the endo- 
lymph space which contains a fluid called endolymph, The space be- 
tween the wall of the bony labyrinth and the membranous structures 
it contains is known as the perilymph space and likewise contains a 
fuid, the perilymph. The bone which borders the bony labyrinth is 
of a different texture from that of the temporal bone, The inner tayer, 
formed by the endosteum lining the bony labyrinth, is extremely 
dense and is avascular, Next is an intermediate layer which grades 
Irom an extremely hard bone on its inner margin to a less dense hone 
on its ouler margin, This layer is endochondral bone andl it contains 
clusters of emi yonal cartilage which persist throughout life, The outer 
layer is less dense bone, similar to that of the outer margin of the 
middle layer. It is derived from the periosteum, These three layers of 
bone form what is known as the osseus capsule, It is possible, by careful 
dissection, lo remove the osseous labyrinth intact, Vhis is especially the 
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case in young infants; in older persons the diflerence in. the hardness 
ol the bone is not so great. 

cut BONY LABYRINTH, The bony or osseous labyrinth con- 
sists of a central cavity, the vestibule, three canals, the semicircular 
canals which open into the vestibule, and a spirally wound tube, the 
cochlea, which likewise communicates with the vestibule. 

The vestibule is a large oval cavity separated [rom the tympanic 
cavity by a thin plate of bone, Two openings are located in this bone: 
the round window, which is covered by a membyane, the secondary 
tympanic membrane; and the oval window, closed by the foot plac 
of the stapes. Tlic foot plate is held in place by the stapedial ligament 
which consists of collagenous and elastic fibers extending {rom the 
border of the foot plate to the margin of the window, Both the foot 
plate and the oval window are rimmed with cartilage, 

The medial wall of the vestibule is marked by two depressions, 
one of which is occupied by the uéricle, the other by the saceule. Pos 
teriorly, it communicates with the semicircular canals and anteriorly 
with the cochlea. A canal, the vestibular aqueduct, leads from its 
medial wall to the posterior surface of the petrous portion of the tem- 
poral bone. It contains the ductus endolymphaticus (a part of the 
membranous labyrinth), 

The three semicircular canals arc known as superior, lateral, and 
posterior, according to the plane in which they lic, The lateral canals, 
on either side of the head, lie in the same plane. ‘The superior canal of 
one side and the posterior canal of the opposite side occupy approxi- 
mately parallel planes. ‘The lateral end of the superior canal, the 
anterior end of the lateral canal, and the lower end of the posterior 
canal form enlargements or ampullae where they open into the vesti- 
bule. The medial and of the superior canal and the upper end of the 
posterior canal unite to form a single trunk, the erus commune, 
through which they communicate with the vestibule, Thus there are 
three openings by means of which the canals communicate with the 
vestibule, 

The cochlea which forms the anterior part of the bony labyrinth 
resembles the shell of a garden snail in the manner in which it makes 
uvo and one-half spiral turns about a conical, central pillar, the modi- 
olus, A thin shelf, the bony spiral lamina, projects from. the side of 
the modiolus into the cochlear canal. When this is completed by the 
addition of the membranous spiral lamina (basilar membrane), which 
extends from the free border of the bony lamina to the outer wall 
of the canal, a partition is formed that divides the canal into an upper 
and lower pat, The upper part is again subdivided by a delicate 
membrane, which passes downward and medially from the ower wall. 
Thus three comparunents, an upper, an intermediate and a lower, 
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are lormed in the cochlea canal, bach of these comparunents begins 
at the base of the modiolus and follows the spiral turns of the cochlea 
(o ils apex, ase 

The upper compartment is known as the scala vestibull and com. 
municates Uough a small opening with the vestibule. The lower 
compartment is called the scala tympani, the basal portion af which 
is shut off from the tympanic cavily by a tihvoclastic membrane that 
fills the fenestra rotunda, ‘This memlane is sometimes relered Lo as 
the secondary tympanic membrane. The scala vestibuli and scala tym 
pani communicate by means of a small aperture at the swanmit ol the 
cochlea, the helcohema. The intermediate comparunent is separated 
from the scala vesubuli by the dai membrane of Reisner and hom 
the scala tympani by the basila membrane, and forms the cochlear 
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ulticilo-siccularis: The saccus endolymphaticns is cut off, (Courtesy, Biremer-Weatherford: 
“Texthook of Tstology,” Philadelph{y, The Blakiston Company.) 
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Lic, 284, Scheme of uight bony aid membunous labyunth. the neuro-cpithelial areas 
(cllow) me shown in theh ieltion (@ the membianauys Inbyiinth (ved). 


duct, The upper and lower compartments, the scalae, contain peri- 
lymph, while the middle compartment, the cochlear duct, contains 
endolymph. 

The osseous labyrinth is lined by a delicate layer ol endosteal 
ussuc. This is covered by mesenchymal epithelial cells which forni the 
immediate lining of the perilymph space and secretes the perilymph. 
The perilymph and cndolymph aye cach contained in closed systems 
and do not mix, , 

THE MEMBRANOUS LABYRINTH, The membranous laby- . 
rinth consists of a series of intercommunicating sacs and canals whose 
shape and arrangements conform, in a general way, (o that of the 
bony labyrinth, “Two saclike structures, the u/ricle and the saccule, 
ave located in the vestibule. The utricle occupies its upper, posterior 
part, while the saccule is found in the lower, anterior part. The utricle 
and. saccule are united by the Y-shaped uiriculosaceular duct which 
continues as the ductus endolymphaticus, a sleuderx, membranous canal 
located in the vestibular aqueduct. It continues to the posterior sur- 
face of the lamporal bone, where its dilated end farms the endolym- 
phatic sae which lies between the bone and the dura mater, The 
momlranous semicircular canals open into the utricle while the coch- 
lear duct is united to the saccule by way of a very short slender duct 
(ductus reuntens), 

From the foregoing it is clear that the endolymph is continuous 
throughout the membranous labyrinth, Whether it flows freely from 
ond part of the labyrinth to the other is doubtful, however. 

The walls of the membranous canal, barring those areas in which 
the neutogpithelial glements are located, consist of Gvo layers: an 
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outer layer composed of delicate connective tissue fibers among whieh 
are numerous branched, pigmented comiective tissue cells, and an 
inner epithelial Jayer of ectodermal origin, consisting ol flatiened 
squamous cells, This inner epithelial layer rests on a clearly delmed 
basement membrane, In the semicionlu canals, trabeculae consisting 
of bundles of connective tissue fibers extend fram die periosteal layer 
lo the fibrous outer portion of the wall of the membranous labyrinth, 
The mesenchymal epithelial cells which fom the lining of the peri- 
fymph space are continued about the trabeculae and over the outer 
surfaces oJ the membianous labyrinth that are exposed to the peri- 
lymph, 

A portion of the epithelial lining of the uviicle and saccule, and of 
the ampullae of the semicicular canals, is Ganslormed into neuro- 
epithelial stiuctures known as the maculae and cistae, The neuroepi« 
thelium of the cochlear duct forms a complex structive Known as the 
organ of Gorli, 

Tux Macutar, According to their location, the maculae are 
known as the macula ubriculi and the mactla sacculi, They are thick- 
ened areas about 3mm, long and 2 mn. broad. The fibrous tissue of 
the periosteum is considerably incieased in che region at che maculae. 
This supports a modified epithelium which consists of two types of 
cells, the sustentacular cells and the sensory or hair cells, ‘The sus. 
tentacular cells are tall columnar clements, having broad, proximal 
portions which rest on the basement membrane, and narrow distal 
portions which reach to the stalace of the epithelium, The light stains 
ing, Vesicular nuclei are oval in outline and are located in the basal 
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Fis, 285, Detail of macula, Note the deeply staining nuclat of the hah cells aud tig 
bahs probudiug fom the veticuin membrane, 
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portion of the cells, “Lhe free surfaces ol the cells are provided with 
cuticular plates which are joined at their edges by thickened, terminal 
bars. As these cells pass over the border of the maculae they become 
low columnar, then cuboidal and (mally merge with the (lattened cells 
of the general epithelium. . 

The hai cells ave cylindrical shaped cells that lie between the 
narrow distal portions of the sustentacular cells, The large, spherical, 
deeply staining nuclei ave located in the basal portions of the cells 
which extend about hallway from the surface to the basement mem- 
mane. The fiee surfaces are provided with cuticular plates which are 
inserted between those of the sustentacular cells, A single, hairlike 
process, consisting of many nonmotile cilia which adhere to one an- 
other, projects from each hair cell through the cuticular plate and 
extends across a narrow, endolymph-filled space, to become embedded 
in the overlying ofolithic membrane, 

The otolithic membrane is a thick, gelatinous structure containing 
minute, crystalline bodies of calcium carbonate called ololiths or 
otoconia, "This membrane lies above the epithelium of the maculac 
and. is scparated from it by a narrow space containing endolymph, 

Tn the region of the maculae, the connective tissuc layer of the 
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Fra, 286, Crass section of a semicloulay duct aud the adjacent patlymph spaces to 
golthar with the sethictretlar canal of bone fn which they are lodged. From a human 
adult, 50 X. (Bohn and van Davicoll) (Courtesy, Biomer-Weathefords “Textbook of 
Thistology,” Philadelphia, ‘ihe Blakiston Gompany ) 
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utiicle and saccule become pieatly Uniekened, Moreover, in this aiea 
the tissue is firmly adherent to the periosteum, 

The bodies of the hai cells are suniounded by a fine network of 
nerve fibers from the vestibular nerve. 

The function of the maculac has to do with proprioceptive stimuli 
relating to equilibrium, particularly with regard to the awareness of 
the position of the head in space, 

The semicitcular canals occupy one-thiid of the bony canals, The 
membranous canal lies close to the outer wall of the bony canal, the 





Fio_ 287, Ampulla of semichculax canal, (a) Tiabeculae passing fom the perlosten! 
Hning of the bony canal té the flnoys portion of the wall of the menbianous canal. (b) 
Peitlymph space (c) Lndolymph space, (4) Cupula, (ce) Cilsta. Photomiaograph, 
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connective tissue of its external layer merging with the adjacent: peri- 
ostcum, On the side toward the peitlymph space, taabeculae extend 
hom the membranous canal to the wall of the bony cma, thus holding 
1 fnmily in place, The side of the membranous canal, which is adjacent 
to the bone, 15 conves, the pottion of the wall which is toward the 
perilymph space is sughtly concave, Suucturally the walls of the mem- 
branous canals we similar to thase of the utricle and saccule, "The 
epithelium on the convex side is slightly thickened and forms a stip 
which 1s Know as the raphe. The raphe represents the line along which 
the uvo lips of the embryonic ‘otic vesicles were lused, 

Tm Grstar, A high moundlike ridge, the enista ampullaris, is 
formed im each ampulla by the thickening and elevation of the sub- 
epithelial connective tissue, The epithelium which forms the lining 
of the ampulla is modified as it passes over the crista and, as in the 
macula, consists of sustentacular cells and hair cells, In fixed prepara 
ons the crista appeais to be surmounted by a tall, longitudinally 
stated structie, the cupuda. The striated appearance of, ute cupula 
is duc to the presence of minute canals which are filled with endo- 
lymph, The processes of the hah cells, alter crossing the narrow 
endolymph space between the epithelium and the cupula, are lodged 
im these canals, The processes of the hair cells of the crista are longer 
and more slender than in the maculae, those springing fom the border 
of the crista bend upward and inward toward the midline ol its summit 

[tis generally believed that the cupula as seen in fixed preparations 
is an artelact. Tn lile the hairs extend into a chin gelatinous fluid which 
{lls the ampulla, The cupula is formed by the coagulation of the galat- 
nous material about the hairs by the reagents employed in preparing 
ube Cissuc, 

The cristae ampullares are the receptive organs concerned with the 
general sense of equilibrium, 

Both the maculae and cristae are supplied by a branch from the 
vestibular division of the auditory nerve, The fibers of the nerve come 
into association with the cells of the vestibular ganglion in the internal 
auditory meatus, ‘Ihe fibers of the ganglion cells pass through canals 
in the bone and are continued in the subepithelial tissue to the base 
ment membranes of the maculae and cristac. Losing their myelin 
sheaths as they pierce the basement menibeane the nerve fibers break 
up into a number of delicate fibrils which form close pericellular net- 
works about the hair cells. 

THE COCHLEAR DUCT. The cochlear duct is the part of the 
membranous labyrinth that is located in the bony cochlea. It begins 
asa blind sac (edecuin vestibulare) in the basal portion of the cochlea, 
beuween the oval and round windows, It makes two and one-half tuins 
about wie modiglug and ends blindly as the caecum cupulare in the 
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FIG. 291, Section of human cochlea, (From the collection of Dr. Dean M, Lierle,) Phato- 
micrograph. 





apex or cupula, It is separated from the scala vestibull by the thin 
membrane which forms its roof (Reissner’s membrane), Its floor is 
formed ‘by the basilar membrane which separates it from the scala 
‘tympani, Both the scala vestibuli and the scala tympani.contain pevi- 
lymph. ‘They communicate through a small aperture, the helicotrema, 
focated at the apex. of the cochlea, The perilymph spaces are lined by 
a delicate endosteum ne a Hit stratum of endosteal tissue, which is 










wall of ‘ahlel is Torined by the apes Teemeht ie et 
ane-of Reissner, and the floor by the basilar membrane, 

gament consists of a thickening of the endosteal tissue, 
_ are ey pormpnctes cles 0 the bony. ‘wall of: 









mph space are more loosely art ranged: The 
spiral liga e lateral wall of the soap leet canal a sliort 
distance ab 
short ‘distanc 
a part of the out 

The outer -e 











508 






Ouier 


dimer 
tunel 


tome 





Hensen 













Thner Taner n Onter Outer Ce 19 
val nent pillar ante willie phalan geal 
ell cols Cc Hille 
(torn lowe) 


Fay 292, Sectton of human organ of Cortl, (From the collection of Dr, Dean M. Lierle) 
Photomicrographs 


evista basilaris, a thickened projection of the spiral ligament which is 
wiangular in section, A rounded elevation of the spiral ligament a 
short distance above the crista is called the spiral prominence. "The 
shallow, groove between the spiral prominence and the ctista basilaris 

iis known as the external spiral sudeus, Both the spiral prominence and. + 
-the external: spiral sulcus are covered. by a layer o} simple canal 
cells, The crista basilaris, the spiral prominence and the external spira 
sulcus follow the spital turns of duct from. the base of ne 
ochtear canal fo ys APEX, : 
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of the sulcus externis, He suggests that probably the stria functions as 
a mechanism for regulating the pressure of the endolymph. 

Reissner’s membrane which forms the vestibular wall or “roof” 
of the cochlear duct, although it is an extremely thin structure, con. 
sists of three layers: a substantia propria which is composed of a network 
of delicate connective tissue fibers, a thin layer of mesothelial cells cover- 
ing its vestibular surface, and a layer of fattened epithelial cells which 
lie upon ‘its cochlear surface. In the lower animals the fibers of the 
substantia propria support a-netwvor' k of small capillary vessels, but in 
man the membrane is said to be avascular. "The mesothelial cells which 
form the outer covering of the membrane are continuous with the 
mesothelium that forms the lining of the scala vestibuli, The flactened 
squamous cells on its cochlear surface are ectodermal in origin and are 
continuous with the epithelial lining of the cochlear duct. Reissner's 
membrane is attached to the spiral ligament a short distance below 
its vestibular border. It passes obliquely, at a sharp angle, downward 
and inward and ends in being attached to the base of the vestibular 
lip of the spiral limbus. 

The use of the terms “upper” and “lower,” “inner” and “outer” as applied to 
the cochlea, assumes that the long axis of the modiolus is vertical in direction. As.a 
matter of fact, the base of the modiolus is medial in direction, its apex pointing 
laterally, the direction of its long axis being mediolateral. ‘Che assumption of a 
vertical direction for the long axis of the modiolus is for the purpose of simplifying 
description. 

The spiral limbus is formed by a thickening of the periosteal 
tissue at the base of the bony spiral lamina, lt consists of two Hibs, 
usually: spoken of as the upper or vestibular lip and the lower or 
tympanic lip, The deep groove between the vestibular and tympanic 
lips is called the internal spiral sulcus. ‘The upper surface of. the 
vestibular lip is marked by a series of radially directed grooves and 
ridges. The tidges extend slightly beyond the free border of the lip, 
forming a. number of toothlike projections, the auditory teeth of 
Fuschka. 

. The epithelium by which its surface is covered consists of flattened, 
palygonal cells over the-ridges and low columnar cells in the g grooves, 
The epithelium which forms .the lining of:the internal spiral sulcus is 
cuboidal, the cells becoming flattened as they extend: laterally on the 
cochlear surface of the tympanic lip. The tympanic lip of the. spiral 
limbus just before it joins the basilar membrane is perforated: by | 
numerous apertures for the passage of the fibers of the cochlear branch | 
of the auditory “Herve. These apertures are ‘known as. the foraming 
nervosa. ‘ 

The basilar membrane (membranous spiral ligament) extends from © 
the outer border of the tympanic lip-of the spiral Jimbus to the crista 
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Jie, 208, Sectlon of outer wall of ductus cochlearls showlng from nhove downward, 
($v) Strhe vascularis, (Ps) Promingntia spiralis, (Sse) Sulcus spiralis exteris, (Ce) Cellv 
of Glaudtus, (Courtesy, Gowdry: “Special Cytology," New York, Paul By Hoeber, Ine) 


basilaris of the: spiral ligament. As the bony spiral: lamina extends 
beyond the outer border of the tympanic lip, the inner portion of the 
basilar membrane vests upon it, The membrane is divided into an 
inner. portion, the:zona arcuata, extending from the medial side of 
the inner pillar to the outer pillar of Corti, and-an inner portion, the 
_ tong pectinata, which continues from the outer pillar of Corti to the 
apex of the crista “basilaris. It consists of three layers: a substantin 
; iia ey refereed to. ag U ddle fibrous layer, the tympanic 
i | ae ‘ 
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highly refractive, nonbranching fibers which pass radially from the 
feet of the outer pillars of Corti to the crista basilaris in which they 
become dispersed among the fibers of the spiral ligament. These fibers 
which are known as the qudifery sdrings, increase in Jength trom the 
base of the cochlea to its apex. This increase in the length of the audi. 
tory strings corresponds to a similar increase in the width of the 
basilar membrane, ; 

The tympanic covering layer consists of loosely arranged fibrous 
tissue on the tympanic surface of the basilar membrane, Besides its 
loosely arranged fibers, it contains a number of spindle-shaped connec. 
tive tissue cells, However, there is no definitely formed mesothelial 
layer covering its suilace. The portion of the layer which belongs to 
the zona arcuata contains numerous blood vessels, These vessels empty 
into a large vein located immediately below the tunnel of Gorti and 
known as the vas spirale, Blood vessels ue not present in the layer 
belonging to the zona pectinata, A nearly homogeneous layer contain- 
ing a few fibers and nuclei, is located between the substantia propria 
and the epithelium, This is known as the vestibular covering layer, 

The epithelial or cochlear layer of the basilar membrane forms a 
thickened ridge, the cells of which are modilied to Jorma highly com- 
plex, neuroepithelial structure, the organ of Corti, This ridge follows 
a spiral course from the caccum vestibulare at the base of the cochlea 
to the caecum cupulare al its apex. ‘The organ ol Corti is the structure 
concerned with hearing, 

Tue Orcan ov Corti, The basilar membrane supports the neuro- 
epithelial structure of the cochlear duct, the organ of Corti, This 
structure, like the maculae and cristae, consists of two types of cells: 
supporting or sustentacular cells and hair cells, The real neuro- 
epithelial cells are the hair cells which are in relation to the fibers ol 
the cochlear nerve. A number of specialized cells make up the organ 
of Corti and in order, beginning at the inner side they are: border 
cells, inner hair cells, inner phalangeal cells, inner pillar cells, outer 
pillar cells, outer phalangeal cells (Deiters’ cells), owter hair cells and 
cells of Hensen, 

The inner side of the organ of Corti is supported by a single row of 
all, slender cells, the border cells, which extend from the basilar 
membrane to the surface of the epithelium, Their free edges are pro- 
vided with cuticular ‘plates. 

The inner hair cells, forming a single row on the outer side of the 
border cells, are short cylindrical elements which extend from the 
surface to about one-half the depth of the epithelial layer. Their 
rounded basal portions in which their spherical nuclei ate located, are 
supported by the border cells and the expanded portions of the inner 
phalangeal cells. Their cytoplasm is filled with fine granules, The 
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surfaces of the hair cells are provided with cuticular plates through 
which suff, bairlike processes project into the cochlear duct. 

The ianer phalangeal cells form a single row of slender cellular 
elements which are located between the inner hair cells and the inne 
pillar of Corti, They ave tall cylindrical cells, having an expanded 
proximal portion that vests on the basilar membrane, and a narrow 
distal portion, the pltalangeal process, extending to the surface of the 
epithelium, The free ends of (he phalangéal processes bear cuticular 
plates which articulate with the cuticular plates of the border cells 
and hair cells, an arrangement that provides a strong support for the 
hair cells. 

External to the structures described above are two sets of rodlike 
structures, lhe immer and outer pillars of Gorti, Each pillar consists 
of a bundle of stilt fibrils (¢onofrbrils) which ave deeply stained in 
preparations, The ends of the pillars, which rest on the basilar mem- 
brane, are expanded and form the feet while their expanded clistal 
ends are known as the heads. ‘he convex surfaces of the heads of the 
outer pillars fit into corresponding concavities in the heads of the 
inner pillars, forming an articulation which bears a close resemblance 
to a ball-and-socket joint, The pillars diverge as they extend coward 
the basilar membrane, enclosing between them a triangular space 
containing endolymph and kriown as the dunnel of Gorti, The rodlike 
bundles of (onofibrils are enveloped by a thin layer of protoplasm 
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Fa 295, Diagram of the stucture of the basal wall of the duct of the cochlea, (A) 
View hom the side. (B) Vicw fom the surface. In the latter the tree suatace is in focus, 
It is evident that the epithelium of dhe sulcus spiatis, lying in another plang, as well as the 
cells of Ghaudius, can be seen distincdly ouly by lowering the tube. ‘The membrana tectovia 
fg not chawn, ‘Ihe spital nerves we indicated by dots, (Courtesy, Bremer-Weather ford: 
“Textbook ol Listology,” Philadelphia, Lhe Blakiston Company.) 


which extends upward hom the pillar cell. bach pillar cell consists ol 
a mass of protoplasm located on the tunnel side ol the foot of cach 
pillar and contains a lage spherical nucleus, The heads ol the pillars 
bear on their tree surfaces Jarge cuticular plates to which the rods, 
formed of tonofibrils, are attached, The cuticular plates of the outer 
pillars extend outward and articulate with the cuticular (phalangeal) 
plates ol the cells of Deiters, ‘Phe cuticular plates of the inner pillars lie 
upon the plates of the outer pillars but do not extend quite to their 
borders, The umber of outer pillar cells hasbeen estimated to be 
3850, the number of the inner pillar cells at 5600. Owing to this 
difference in the number of outer aud inner pillar cells, the head ol 
a single outer pillar may articulate with uvo, or even three pillar cells, 

Two kinds of cells are located immediately external to the outer 
pillar cells: the ouler phalangeal cells (cells of Deiters) and the outer 
hair cells. 

The outer phalangeal.cells have a broad proximal portion which 
tests on the basilar membrane, and a narrow, slender distal portion, the 
phatangeal process, which extends to the surface where it becomes 
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expanded and bears a howd cuticular plate, “the nucle: af the ontes 
phalangeal cells are located in their proximal part. The cytoplasm is 
granular, These cells are supported hy small, deeply staining bundles 
of tonolibrils, Fach bundle consists of two pats, one ol which lous 
a supporting suuctine beneath the hair cells with whieh the outer 
phalangeal cells alternate, and the other extends to the surlace in the 
phalangeal process and is attached to the cuicular plate. The outer 
phalangeal cells arc ananged so Chat the cuticular plies borne on the 
smface of their phalangeal processes, ft together and form an altemat- 
ing series, between which are the openings occu pied by the cuticular 
plates of the hai cells, This structure, formed by the interarticnlating 
cuticular plates of the outer phalangeal cells and the hair cells, is 
called the relcular mentbrane, 

The inner row of the outer phalangeal cells is located so that a 
considerable space, known as the space of Nuel, fs founed between 
them and (he outer pillars of Gorti. This space follows the spiral turns 
of the cochlear duct and forms a canal, the caral of Nuel, which 
parallels the tuunel of Gort, Both of these canals are filled with a semi- 
gelatinous substance which gives support to the nerve fibers passing 
through them, 

The outer hair cells, of which there are three Lo five rows depend. 
ing on the location, are broad columnar elements located in the upper 
one-thivd of the organ of Corti, Their spherical nuclei are located in 
their rounded basal poruions which vests on the broad proximal portion 
of the outer phalangeal cells. 

Vhe cells of Hensen which are located external to the outer 
pharyngeal cells give additional support to the organ of Gorti at the 
outer boider, They are tall columnar cells with slencer proximal 
portions and enlarged distal portions in which their spherical nuclei 
are located. The cells of Tfensen are arranged in three or four rows, 
the cells of cach row becoming shorter until they are merged with the 
cells of Claudius. 

The cells of Claudius ave cuboidal cells which form the epithelium 
of the outer portion of the basilar membrane. This epithelium is 
continued as, the lining of the external spiral suleus, Che cells ol 
Claudius are characterized by their small nuclei and clear nongranula 
cytoplasm, In the basal coil of the cochlear duct, groups of small cells 
having a deeply staining cytoplasia, lie between the cells of Claudius 
and the basilar membrane, These cells are known as the cedls of 
Boettcher, 

The tectorial membrane is a cuticular structure having a striated 
appearatice, Lt extends from the vestibular lip of the spiral limbus to a 
little beyond the outer row of hair cells, its position being just above 
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11G 206 Papitla spraly showing atachment of habs of the outer cells to membrana 
tectoula, also attachment of sutpe of Mensen to the inner border cells which have been 
dtawn out as the veswet of contraction of the tectorial membrane (Courtery, Gowdry: 
“Special Cytology,” New Voth, Paul J, Hoeber, Inc) 


the organ of Goiti, The tectorial membrane consists of fibers which 
radiate Lrom the outer boidet of the vestibular lip ef the limbus to 
the magin of the membrane, “Lhe fibers which give 1 its striated 
appeaance ac bound together by a homogeneous interfibrillar sub- 
stance. The upper sinlace of the membrane is cuuved convexly, the 
lower sun face being corespondingly concave except in the middle por- 
tion which is somewhat thickened. A nonstriated, dark band on the 
under surface of the membrane is known as the shipe of Mensen. 
Corresponding (o the inercase in the width of the basilar membrane, 
the width of the tectorial membrane increases from the base of the 
cochlea to its apex, 

The fibers of the cochlear division of the audilory nerve enter the 
modiolus at its base and continue in the central canal to its apex. In 
ils couise the neive gives off bundles of fibers which pass to the spiral 
canal at the base of the bony spiral lamina where they are in. asso- 
ciation with the bipolar cells ol the spinal ganglion. Fibers Irom the 
ganglion cells are continued in a canal between the upper and lower 
plates ol the bony spiral lamina, from which they enter the sub- 
epithelial connective tissue of the tympanic lip of the limbus, Passing 
through the foramina nervosa, the fibers lose their myelin sheaths and 
form two bundles, one of which passes to the inner hair cells, the 
other continuing between the pillars ol Gorti and crossing the cannel 
of Coiti and the space of Nuel ends in relation to the outer hair cells, 
The fibers of both bundles ehd in pericellular networks about both 
the inner and outer rows of hair cells, 
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AGLION OF ‘LHL Aupbrrory APPARALUS 


For a detailed discussion of function af the mechanism of the en, 
the student should ieler to a good textbook of physiology. Bricily, 
however, it consists essentially of the following sequence of events, 

Sound waves suiking against the tympanic membrane start it to 
vibrating, These vibrations ue transmitted by the ossicles to. the 
perilymph in the seala vestibuli ol the inner car, where pressure waves 
ae produced. Ehis perilymph is enclosed in a space formed by bone 
and the thin membrane olf Reissner Unoughout the length ol the 
cochlea. At the apex of the cachlea, however, it communicates through 
a small opening, the helicowema with the perilymph of the scala 
tympani, The scala tympani, like the scala vestibuli, is bounded by 
bone and the faiily rigid basilar membrane. At the base of the cochlea 
the perilymph is confined within the scala tympani by the membranous 
secondary tympanic membiane which closes the round window. Thus 
there are uvo possible pathways for Wwansmission of pressure waves 
sct up in the perilymph of the scala vestibuli, They might be trans. 
mitted by way of the helicotrema to the perilymph of the scala tympani 
and be “damped off’ by way of the secondary tympanic membrane 
(occurs when sound is very great and very stiong pressure waves arc 
ptoduced) or the pressure waves could be transmitted across Reissner’s 
membiane Lo the endolymph of the cochlear duct. Vibrations of the 
endolymph may act on both the tectorial membrane and the basilar 
membrane starting them to vibrating, It is a question which of these 
lwo structures is affected most, whether the hair cells on the basilar 
membrane are brought up against the tectorial membrane or whether 
the tectorial membrane is forced down against the hair cells, It is 
possible that both may occur, Apart from that debatable question, the 
hair cells are stimulated and the pressure waves are transformed into 
stimuli by the hair cells and carried to the auditory centers in the 
brain by way of the auditory neives and there translated into what we 
recognize as sound. For the discussion concerning the theories of 
interpretation of pitch and tone, the reader is referred to a text of 
physiology. 


Laboratory Directions 
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The study of all histological tissues can be reduced to the study of 
the details ol cells, fibers, ground substance or matrix, and their rela- 
tionships. In such a study, the student should attempt to learn not 
only the morphology, but also to note any criteria that might indicate 
functional activity. 

In this study of detail, the student mst not lose sight of the fact 
that all tissue clements of the body are subject to variation and he 
should be extremely careful in selecting an area for study. Ib is 
necessary to first examine the entire section in order to choose a 
“typical” area for the study of histological detail. Many beginning 
students scem to have the faculty of choosing atypical areas for examina- 
tion. If the section happens to be an organ which is made up of 
several fundamental tisstes, these areas of different tissues should be 
noted when the section is examined under low power and cach area 
subjected to carelul examination later under higher magnification, 

If the student studies the fundamental tissues carefully and learns 
well their characteristics, the understanding and identification ol 
organs becomes a relatively simple procedure, since they are merely 
these fundamental tissucs in definite relationships, together with cer. 
tain specialized cells which are specific and characteristic for that 
particular organ. 

At this point the student should also be warned of the danger of 
depending on “color” of sections rather than learning to recognize 
them by their structural characteristics, Most of the sections usec in 
teaching are stained with hematoxylin and cosin and students may be 
completely confused if confronted with identical sections stained by 
any other method, unless they are familiar with morphological charac 
teristics, 


A SUGGESTED METI[OD OF LABORATORY 
TEACHING IN HISTOLOGY 


The following laboratory procedure has been used and the results 
were so gratilying, both to the instructors and the students, that it is 
being suggested as a possible departure [rom the usual methods. 

It is essentially an oral examination method over each assignment, 
The method is particularly helpful during the first part of the course 
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in histology when the students are learning lo “sec” and interpret the 
tissue constituents they are called upon to deal with, 

The method may he outlined as follows: ; 

1. The assignment is made and the student studies the necessiny 
sections. 

2, When the student feels he is thoroughly lamiliar with the 
material he indicates that he is ready to go over the assigned material 
with the instructor, 

3. Using different cuts and slides of the same material (various 
stains are also helplal in emphasizing morphological characters of the 
tissue and in discouraging the student from developing the unforu- 
nate habits of depending on color and “grossing” the slides), the 
instructor asks questions concerning the tissue, The student should be 
asked to point out (the use of a pointer in the ocular is absulutely 
essential) certain cells or cellular details and to discuss or explain 
the significance of various relationships. The use of the pointer pre» 
vents any evasion on the part of the student and allows for no 
misunderstanding between instructor and student. If the student is 
properly prepared, the periad of questioning need not take more than 
10 minutes at the most. If he is poorly prepared it is soon evident 
and he should be sent back to his desk to do the Jesson more thoroughly, 
He should be graded accordingly, If his recitation is satisfactory, he goes 
on the next assignment, 

One major objection which will be raised against the method is 
the time element involved, This method also demands a great deal 
of the teaching staff since it utilizes fully their time and energy to the 
greatest possible advantage for the student. 

However, the points in favor of the method, judged by the results, 
lar outweigh these objections, They are: 

L. A closer contact and understanding between students and stall 
members. 

2, The student learns immediately the necessity of looking at tissues 

carefully and critically. Tle sees details and gains an understanding of 
the material that, left to himself, he might never be aware of, or at least 
his appreciation may come so late that he will fail to appreciate and 
understand many related bits of information in other courses. Judicions 
and pertinent questions on the part of the instructor can stimulate the 
interest and curidsily of the student in histology. 
, 3. Tcis impossible for students to really “loaf along” in the course 
or to evade the questions. The better studetits are not held hack 
but can proceed with advahced assignments at their own speed, If 
it is desirable to keep the class together, the faster students may be 
allowed (o do outside reading for several periods, 10 allow the slower 
students Lo caldh up. 
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4, This method does not allow for any form of cheating, The 
student soon learns he must icly entiiely upon himself and his own 
information, 

5, The student soon learns to understand his material, with the 
result that he enjoys the work, Identification of unknown slides he- 
comes iclatively simple. 

6. Time which is usually devoted to making diawings or idling 
is used for outside reading assignments of peruinent research in. the 
field, which the students, with their understanding of the material, do 
willingly and enjoy. 

7. The student rapidly develops a sell-conlidence which is gratily- 
ing and challenging. 

8. He is prepared to enter the course in Pathology with a good, 
sound foundation and an appreciation ol the morphology, relationship, 
and function of the so-called normal tissues. 

9, The giades ol the entire class take a marked upward swing, the 
number flunking is ieduced to a minimum and certainly represents 
those who are inadequate to meet the standards. 


STUDY OF A UTYPICAL CFLL 


This study is not intended as an introduction to cytology, but asa 
review of the cell and its structure. While the following directions 
apply to the examination of the ova which are Lo be abserved in sections 
ol the ovaries of any of the smaller animals, they apply as well to any 
cell in which the typical characteristics of cell stuucture appear, 

1. Using the low power, search the section or preparation until 
acell is found in which the characteristics of a typical cell as described 
can be observed. 

2. Examine the cell with the high power. Note the cytoplasm, Does 
it present a homogencous, a granular or a reticulated appearance? 
In most egg cells (ova) the cytoplasm is obscured by the number ol 
yolk granules (deufoplasm) which it contains, Note the cell membrane. 
In most ova this structure is clearly defined, Observe the nucleus, Note 
its sharply defined nuclear membrane; the linin fibers~clear, colorless 
threads forming a delicate network (vencleoreticulum); the small, 
somewhat amorphous masses of deeply stained chromatin, What is the 
relation of the chromatin masses to the linin fibers? "Vo the nuclear 
membrane? In what part of the nucleus are the chromatin masses most 
abundant? Do they scem to be arranged in a definite pattern? Identify 
the nucleolus, What is its position in the nucleus? Identify the two 
types of nucleoli, Does the nucleus contain one or more nucleoli? In 
specially stained sections obserye the Golgi apparatus, aud mito- 
chondria, Note their form and position within the cell, What stains 
were used to stain the Golgi apparatus? What stains mitochondria? 
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The foregoing study should be continued with the examination ol 
typical cells from the ovaries and spermaries of insects, claylishes and 
other forms und the idea of the coll and its structine has been fimly 


established. 
Make carefully executed drawings of cach type of cell exantined, 


Seupy or Mitrosrs 

MITOSIS IN ‘FHF ROOT TIP OF AN ONION, Since direct 
cell division or anifosis is not common in animal issues, attention will 
be confined in the lollowing study ol cell division to the different stages 
or phases of mitoses, Sections of the growing rout tip of an onion stained 
with [leidenhain’s iron-hematoxylin, provide satislactory material for 
this study, 

1, With the low power examine the sections, of which several may 
be mounted on a single slide, Note the manner in which the cells are 
united to form the disse of which the root tip is composed, What is 
the character of the walls of these cells? Why are walls of this type 
required in the cells of plants? Note the part of the section in which 
mitotic figures are most abundant, Tn what part of the root tip is growth 
most actively taking place? What is the evidence lor this? What is the 
difference in the appearance of the cells near the tip of the root and of 
those in the older portions ol the section? What docs this difference 
indicate? 

2. Using the high power find and study examples of the different 
stages of mitotic cell division. More accurate observations are possible 
if the oil-immersion objective is employed, 

a. The Resting Stage. Note: the cell wall, observing its thickness; 
the cytoplasm; the nucleus, How is the chromatin distributed in the 
nuclei of most of the cells in this stage? Wow many nucleoli ae present 
in a single nucleus? Are the cells nearer the tip of the root, or those 
in the older parts of the section most extensively vacuolated? What is 
the explanation? 

b. The Prophase. Note that the chromatin granules are assembled 
in the form of a coiled ribboulike structure—the spireme, lind a 
spireme which is formed within the nuclear membrana; also one where 
the nuclear membrane has disappeared. What change is 10 be noted 
in the character of the coils? 

c The Metaphase, Note: the spindle; the chromosomes, observing 
their arrangement about the equator of the spindle, The chromosomes 
are bent into horseshoe-shaped loops which overlap one another. 
Observe that the head of cach loop is directed toward one or the other 
pole of the spindle, 

d. The Anaphase. Nove the manner in which the chromosomes lave 


516 LABORATORY DIRLGTIONS 


been drawn Lrom their former position about the equator in the direc- 
tion of the poles of the spindle, Observe that the open part of each loop 
is toward the equator. In some cells a faint line, the equatorial plate, 
may be seen in the equatorial plane. This line indicates the plane in 
which the new cell wall will be loumed which divides the parent into 
two daughter cells. 

e. The Telophase, At each pole ol the spindle note the deeply 
stained mass into which the substance of the chromosomes has been 
fused, The ends of chromosomes, which have not been completely 
incorporated into this mass, may be identified. In somewhat more 
advanced stages of the same phase, note that the chromatin mass is 
enclosed by a nuclear membrane, Look for the reappearance of nucleoli 
in the nucleus. The division of the parent cell into the daughter cells 
is completed when a new cell wall has been formed in the region of 
the equatorial plate. 


Draw examples of cach stage in mitotic cell division observed in these sections, 


MITOSIS IN TH EGG CELLS OF ASCARIS, For the lurther 
study of mitosis the egg cells of Ascaris provide excellent material, The 
egg cells of Arbacia (sca urchin), Cerebratulus (sea worm), aud Gam- 
bavus (crayfish) may also be used to good advantage for completing 
this study. 

While the study of the 1001 tip of the onion is useful lor the con- 
ception it gives of mitosis in general, the mitotic figures in the egg 
cells of Ascaris are more nearly like those which will appear in tissues in 
which cell proliferation is taking place. 

L. With the low power examine the egy cells of Ascaris, sectioned 
and stained with Heidenhain’s iron-hematoxylin, to find the areas in 
which mitotic figures can be best observed. 

2. Using the oil-immersion objective, make the following obser- 
vations: 

a, Mitosis: Identify the different phases in mitotic cell division, 
following the outline already given. 

b. The Centrosome: Note the small, deeply stained body located 
close to one of the poles of the spindle—the centriole, Occasionally two 
centrioles may be scen in a single cell, one at each pole of the spindle, 
in which case the lorm of the spindle can be more accurately observed, 
Observe that the centriole is located in a small, spherical mass of color 
less (achromatic) protoplasm—the attraction sphere, ; 

c. The Achromatic Fibers: Note the delicate fibers radiating in all 
directions from the attraction sphere—the astral rays; the spindlelike 
arrangement of similar fibers between the centrosomes, Note how the 
fibers which form the spindle converge from the region of the equa- 
torial plate toward the centrosomes, The astral rays (polar radiation) 
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and the spindle together form what is called the amphiaster, Note the 
manner in which the chromosomes are related to the {thers of the 
spindle. 43. . ‘ 

In what respects is mitosis in the egg cell ol Ascaris and in the onion 
root tip alike? In what respects does mitosis in Ascaris present a ali 
ferent picture? Whit conclusions can be dawn [rom these observations 
regarding mitotic division in the two types of cells? 


Draw the diflerent stages in mitosis of egy cells of Ascaris as observed, 
STUDY OF EPITITELIAL ‘TISSUES 

Since epithelial tissues are composed of cells which are held closely 
together by a small amount of cement substance, the study of these 
tissues will involve, simply, the study of cells, The usual classification 
of epithelial tissues is based on the arrangement and the shape of the 
cells in the surface layer, Occasionally, their classification is relerred to 
their lunction, as in “glandular epithelium,” but this designation may 
be considered as being “superimposed” on the nsual one which would 
still class them as simple columnar cells, 


SIMPLE Eerruunian “Pisses 

SIMPLE SQUAMOUS EPITTIELIUM, The form and appearance 
of isolated squamous cells can be observed in desquamated cells from 
the supeaticial layer of the epithelium lining the mouth. 

Examine a preparation of simple squamous cells with high power, 
Note; the thin, scalelike appearance ol the cells; their oval nuclei; the 
relative size ol the nuclei and their location, Note the appearance ol 
the cytoplasm, 

Draw several of the cells, showing their characteristic fornt and 
appearance, 

Masormistium, Examine a silver-nitrate preparation ol mesentery 
with high power, Note: the form of the cells, which tend to be diamond. 
shaped; their irregular serrated borders, The dark lines by which the 
cells are ouUined are formed by the precipitation of the silver salt in 
the fluid, intercellular substance. Gan you see the nuclei of the cells? 
Mow does the size of the nuclei compare with the size ol the cell asa 
whole? 

Draw several of these cells to show their form and arrangement, 

Enpornmuium, By carefully focusing below the level of the meso- 
thelium, the delicate outlines of the endothelial cells Jorming the walls 
ol the blood capillaries can be distinguished, In all such preparations, 
sonte of the capillaries may be sec projecting heyond the boundaries 
OL the tissue, and these present an even better opportunity for observ: 
jug the form and atrangement of endothelial cells, 
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ixamine an area for cudatheliam with bigh power, Notice that as 
you try to focus on the endothelial walls of the capillaries that certain 
relatively Jarge, smooth walled spaces are scen throughout the entire 
lisstic, These are the walls of dic lat cells which lie beaween the uvo 
layers of the peritoncum, Note the shape of these cells. Can you see 
any of their nuclei? Do these cells come into locus in the same plane 
as the endothelial cells? What does this indicate concerning the relative 
positions of these two tissues? Note the shape of the endothelial cells, 
How does the form of these cells difler from that of mesothelial cells? 
{low do the lines which outline the cells of an endothelium differ 
from those which oudine the cells of a mesothelium? 

By shilting the locus from the upper to the lower levels of the 
tissue, note that as the lens is lowered, the cells of the mesothelium 
in the upper level disappear, a layer of similar cells appearing as the 
lower level is approached (if no blood vessel is interposed), How is 
this to be explained? What is the relation—to be determined by 
changing the focal levels—ol the two layers of mesothelial cells? ‘Vhis 
observation will be aided by the examination of a piece of freshly 
obtained mesentery in normal salt solution, 


Draw: The observed form and anaugement of the cells of the mesothelium, 
Make a similar diawing of the form and wrangement of the cells of an endotheltam. 


SIMPLE CUBOIDAL EPITHELIUM. Using the high power, 
examine the cells which form the epithelial lining of the tubules seen 
in a cross’section of the apex of a renal pyramid. To what extent is (he 
intercellular cement substance yisible? What is the shape of these cells? 
What is the shape of the nuclei and where are they located in the cell? 

Using the low power, find some of the smaller ducts in sections of 
the salivary glands, the pancreas and the liver, With the high power 
observe the cells forming the epithelial lining of these ducts, noting 
their cuboidal form. In a longitudinal cut through one of these small 
ducts observe the transition from the cuboidal to the columnar type 
of epithelium in passing from the smaller to the larger ducts, Is this 
transition abrupt or gradual? Note the staining reaction of the nucleus 
and the cytoplasm of several of these cells, Are there granules in the 
cytoplasm? 


Make drawings of several typleal cells showing the results of the observations 
outlined above and indicate fiom which material it is taker. 


SIMPLE COLUMNAR EPITHELIUM. Using the high power, 
examine sections from the gall bladder, intestine and oviduct, Compare 
the height of the cells with their widths, Nove the shape and location 
of the nuclei, Do any of these cells show cuticular plates or striaved 
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borders? Do cuticular plates and striated borders always occur together? 
Do the columnar cells of all three sections show these cellular modifica- 
tions? If not, in which sections do the columnar cells show these struc- 
tures? Can you identify terminal bars in relation to these columnar 
cells? Do the cells of all hice sections have terminal bars? Do any of 
the cells have cilia? In which sections are the cells ciliated? In an area 
where cilia are present does every cell of the epithelium have cilia? 

Compare the epithelium from these three structures and make a 
table noting the similarities and differences between the cells which 
you have observed. . t 


VARIA LIONS IN SIMPLE COLUMNAR EPITHELIUM 

PSEUDOSTRATIFIED COLUMNAR EPITHELIUM, Examine 
a section of the trachea with low power, Note that the nuclei of the 
epithelium which fornis its lining are not only of different shapes, but 
that they are also located at different levels. Change Lo high power and 
examine the cellular details, Observe the cilia which appear on the 
free surfaces of the cells, In well-prepared material a row of highly 
refractive dots may be seen at the bases of the cilia; these are the centro- 
somclike bodies, called basal granules, which are regarded as having an 
important relation to ciliary movement, 

Since special techniques are necessary for outlining the cell bound- 
aries, examples of pscudostratified epithelia should be drawn as 
observed, ‘he oval nuclei belong to the tall, narrow columnar cells 
which extend from the basement membrane to the ree surface of the 
epithelium, Vhe round nuclei are located in cells which rest on the 
basement membrane and which extend upward for varying distances 
without reaching the surface, 

GOBLET CELLS, Use hematoxylin and cosin stained sections of 
colon or the small intestine for the study of these cells. 

These cells which produce a mucoid secretion are present in large 
numbers in the intestinal epithelium. ‘They are really simple unicellu- 
lar glands and because of their peculiar form they are known as goblet 
cells, They are readily recognized as clear spaces, oval in outline, among 
the epithelial cells. They are less abundant in the upper portions ol 
(he alimentary canal than in the lower portion, where they are so 
numerous as to almost completely obscure the cells of the usual epi- 
thelial type. 

Examine a portion of the epithelium of the intestinal canal with 
the high power, Note the clear, oval spaces scattered throughout the 
epithelium, ‘These are the mucus containing portions of the goblet 
cells, ‘Che walls of these cells are formed by a thin layer (pellicle) of 
protoplasm, Note the shape of the deeply staining nucleus which is 
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located in the basal portion of the cell where it is surrounded by a 
small amount of granular cytoplasm. How do the nuclei of the gobtet 
cells differ from the nuclei of the usual type ol epithelial cell? 

In the earlier stages of its development, the mucoid material pro- 
duced by the goblet cells has a strong allmity lor the basic dyes, Goblet 
cells, in this stage, appear in sections as dark blue, pear-shaped bodies 
scattered among the columnar cells of the epithelium. 


Make a careful study of goblet cells in diflerent stages of their development, 
Draw several goblet cells representing different phases ol secretory activity, 
x 


GLANDULAR EPITIVELIUM,. With the low power examine the 
simple wbular invaginations which are glands in the mucosa of the 
intestinal wall, Note that the cells of the glandular epithelium are 
continuous with the epithelium lining the intestinal canal, Observe 
portions of these glands that have been cut transversely (it is not pos. 
sible always to orient the issue so that a true longitudinal cut through 
the glands is obtained), Change to high power, Observe the character 
of the cytoplasm of these cells; the form and position of their nuclei. 
Do the cells in the glands appear to differ from the cells on the surface 
of the tissue? If such a change occurs, at what point in the gland 
does it take place? Observe these gland cells as they appear in a cross 
section of the gland, How does their shape differ from that of the 
surface cells? 


Diaw one or two of these glands showing the relation of the glandular epi- 
thelium to the epithelium of the Intestine, Diaw a cross section of ane ol the glands 
to show the form, suiucture and amangement ol the cells, 


Examine a section through the base of the Longue or a section of 
the submaxillary gland with the low power, Identify the presence ol 
two kinds of glandular structures: (1) Those in which the cells of the 
glandular epithelitm possess a densely granular cytoplasm and are 
arranged about a small opening or lumen. Note the position and shape 
ol. the nucleus, (2) Those in which the cytoplasm of the cells is clear 
and nongranular, the cells being arranged about a somewhat larger 
lumen, Note the position and shape of nucleus, The cells of the first 
kind of gland are known as serous cells, and they secrete a watery fluid 
in which the active elements of the secretion are in solution, The cells 
of the second kind of gland are known as mucous cells and they secrete 
a mucoid substance, Explain the difference in the size of the lumen 
in the serous and in the mucous type of gland, 

Examine several of the scrous secreting cells under high power. 
Observe the striated appearance of the cytoplasm at the base of the 
cells, What produces this striated eflect? Do all epithelial cells show 
basal striations? Explain their significance, 
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Stra vieD EvreurndaAn ‘Tissurs 


A stratified epithelium consists of (wo or inere layers of cells. The 
basal row of cells is quite similar in all satified epithelia and they 
consist of cuboidal o: low colummiu cells. Because of this, in’ order 
to identily the type of epithelium which is stratilied, it is necessary 
to observe the shape ol the cells ol the fice or outer layer, 

Since the cell boundaries are usually poorly stained or not stained 
at all, the student must pay particular attention to the shape and posi- 
tion of the nuclei. Lf the nuclei of the outer layer are vound and occupy 
the center of amass ol cytoplasm the cell is probably cuboidal and the 
epithelium is wransitional epithelium, It the nuclei are oval. or 
elongated with their long axes perpendicular to the basal tine and 
located so that most of the cytoplasm of the cell is above the nucleus, 
the epithelium: is undoubtedly a suatified columnar or a pscudo- 
stratified columnar, Surface cells of the squamous type are readily 
identified, They are flattened cells in which the long axes of both the 
cells and the nucleus lic parallel to the surface. The nucleus, however, 
may be absent. 

STRATIFIED SQUAMOUS EPITHELIUM, A section through 
the epithelial layer of the esophagus provides excellent material lor 
this study. Examine this epithelium with the low power. Note: its 
general appearance; the number of cell layers (strata); its irregular basal 
line, 

Examine an area of the epithelium with the high power, Note: 
the low columnar or cuboidal cells of the basal row whieh rest an the 
subepithelial tissue; the irregularly polyhedral cells which form the 
succeeding layers; the change which oceurs in the shape of these 
polyhedral cells as they approach the superticial layers of the epithelium, 
Observe the shape and appearance ol the nuclei of the cells which form 
the basal layers (germinal layers). Can you find any cells showing 
mitotic figures? In which layer or layers are such cells found? Explain 
the significance of these mitotic cells. What is the appearance of the 
cytoplasm of these cells? What changes take place in the appearance 
ol the nuelei and the cytoplasm of the cells as (hey approach the sur- 
face of the epithelium? Observe that the cells of several of the layers 
above the basal row are separated by narrow spaces, Are these spices 
presen( in living tissues? Explain, Where the cells are separated by 
these spaces, see if you can denmionstrate protoplasmic bridges? 

Observe the cells of the more superficial layers, Note that they lie 
in close relation to one another and that they tend to become fusiform 
in shape, Explain this change In the form of these cells, Note, also (he 
difference in their staining teaction and the character of their cyto- 
plasm, Explain this change in the appearance of these cells, Observe | 
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the scalelike lorm ol the cells of the surface layer. Gompare these cells 
with the squamous cells taken om the mouth. [s there any evidence 
that these cells are being desquamated? 


Draw a small area of the epithelium as seen with the high power, showing the 
changes which take place in the cells as Uiey pass font the basal layer to the sua lace 


Compare the epithelium just studied with that covering the tongue, 
the lip and the palin of the hand. 

STRATIFIED COLUMNAR EPITHELIUM, A stuatitied colum- 
nar epithelium diflers Lom the psendostatified type iu having tvo o1 
more layers ol cells in which only the basal layer :ests on the basement 
membrane, while the layer bordering the free suitace consists of 
columnar cells which may or may not be ciliated, Where more than 
two layers of cells are present, the intermediate layers are made up of 
polyhedral cells. Suatified columnar epithelium may occur in the 
trachea alongside pscudostratified coluninar epithelium, The lormer 
may be 1ecognised by the presence ol a continuous basal row of round 
nuclei, Wheie else in the borly is stratified columnar epithelium (ound? 

TRANSITIONAL EPITHELIUM, Examine a section of the 
meter or the urinary bladder with the high power, Note: the number 
of cell layers present in the epithelium, What is the shape ol the cells 
which form the basal row? Observe the broadly cuboidal form of the 
cells of the surface layet. Tdentily the pear-shaped cells (balloon cells) 
whuch Jie immediately beneath the surface layer, Observe how the 
deep surfaces of the cells of the surface layer are indented to fit over 
the broad, 10unded apical portions ol the balloon cells. Note the shape 
and size ol the cells of the intermediate layers. Note the solt, granular 
character of the cytoplasm of which all of the cells are composed, What 
is the shape and character of the nuclei of these cells? Do these cells 
rest on a basement membrane? 

Compare the epithelium lining the ureter with that lining the 
urinay bladder. 

When an organ lined with transitional epithelium is distended, the 
supetficial cells are drawn out and flattened, the tissue bearing a close 
resemblance to a thin stratified squamous epithelium. Ifowever, transi- 
tional epithelium lacks the papillated basal line which is characteristic 
of stratified squamous epithelium, a fact which aids in distinguishing 
one !rom the other, 


Make a drawing to show the appeatance and structure of uransitional epithelium, 
METHOD OF IDENTIFICATION OF EPITHELIAL TISSUES 


Having studied the details ol the structure of epithelial uissucs, we 
are now ready to consider the method for organizing this information 
for the identification of tissue as presented on practical examination. 
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Lhe simplest method is by elimination, and with practice a student Gal 
become very eflicient and accuiate ii the identification ol ussues, “The 
method is as follows: 

UNKNOWN SLIDI--LO IDEN'LIFY TYPE OF EPULIEALIOM, 
Examine the unknown slide grossly to see if it is a solid block ota 
tubular stuuuctune, Next examine the section under low power and 
locate the epithelial tissuc--you know it is a sinlace layer so look along 
the edges of the section il it isa solid block of tissue or, if it isa tubular 
suucture, look at the tissue Lining the lumen. 

Havg located (he epithelium, the first thing to note is whether 
u is a simple or a stratified amangement of cells, 

TL at is a single layer (simple) ol cells then observe Lhe shape of the 
cells. If the cells are square with 1ound, centrally located nuclei it 
must be a simple cuboidal epithelium, etc. 

Note: Usually the tissue used for the identification of mesothelium 
and endothelium is a piece of mesentery where the cells are seen in 
suiface view rather than iu profile. Both mesothelial ancl endothelial 
cells are characterized by their irregular diamond shapes and their 
serrated borders, Uf blood vessels are not present in the section endo- 
thelium cannot possibly he present, : 

{I the epithelium is stratified look at the surface cells and note 
their shape. [I they are very fauiened along an axis parallel to the 
surface it is probably stratified squamous epithelium (however, it might 
be transitional epithelium from a distended bladder), Next note the 
number ol cetl layers, il there are more thin 8 layers it must be 
suiatified scuramous, [Lowever, look for a papillated basal line, it should 
be present. 

Noles Some students confuse a folded epithelium such as is usnally 
seen in the ureter, with a papillated epithelium. This is a foolish mis- 
take. In such a folded epithelium the free and attached suilaces of 
the epithelium run parallel to one another, if one surface shows an 
indentation the other will also. In a papillated epithelium on the 
other hand, the free surface is more or less straight, while the basal 
surface is irregularly indented. 

If the surface cells ave large and rather square with the nuclei well 
separated and more or less round in shape, indicating that the cells 
are relatively cuboidal, the epithcliun jis transitional, The cell layers 
should be from 4—6 layers thick (the nuclei should be counted in a 
straight line toward the surface in order to avoid counting two adjacent 
Gells of the same layer), 

If the surface cells are coluninar it may be cither a stratified column 
ar or a psoudostratified columnar epithelium. Look at the basal row of 
fualei, If there is a continuous rew of round nuclei and the epithelium 
is relatively thick it may be called a stratified columnar epithelium. 
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HM. the epithelium is not very thick (a pseudostratifiedt columnar can 
only be as thick as its tallest cell since every cell must reach the base. 
ment membrane) and there are round nuclet intermixed with 
clongaied nuclei of tall columnar cells in the basal row, iis a pscudo- 
stratified columnar epithelium. 

Assuming the student has studied cells properly and developed 
some confidence in recognising the shapes ol cells and nuclei, this 
method will inevitably give the correct identification of the section, 
The student should practice this routine until the order of the pro- 
cedure becomes automatic. 

STUDY OF CONNECTIVE TISSUES 

In dealing with the connective tissucs we must be cognizant of 
the elements characicristic of connective tissues: cells, fibers, and 
matrix. Mesenchyme or developing fibrous connective tissue is charac. 
terized by having relatively many cells, few fibers and a fluid matrix. 
On the other hand, adult fibrous connective tissues have relatively 
few cells and their identification depends for the most part on their 
fibers. In cartilage and bone the matrix dominates the picture. The 
cells are usually well separated and lie in spaces (lacunae) in the matrix, 

Only three kinds of fibers are found in connective tissues: collage. 
nous, clastic and reticular, 

Collagenous fibers never Gccur as single fibers except in the em- 
bryonic forms of connective tissues where they are just beginning to 
form, but are always in bundles, The width of the bundles may vary 
considerably, If a longitudinal section of a collagenous fiber bundle is 
observed under high power, the student should be able to see delicate, 
longitudinal striations along the bundle which represent the individual 
fibers, The cell is closely applied to the outside ol the fiber bundle. 

Elastic fibers occur as separate fibers. They are finer than the 
bundles of collagenous fibers and the nuclei al the cells, therelore, 
appear closer together and they are more plump than the cells of 
collagenous tissue, 

Reticular fibers are very fine, threadlike strands, In combination 
with collagenous and clastic fibers, they require selective stain lor 
identification, ‘Cheir presence in glands, uanica propria and in other 
locations should be observed in specially stained sections, 

The appearance of the matrix varies according Lo its density, In ue 
fibrous connective tissue, where it was fluid, it appears in sections as 
while spaces among the cells and fibers. In cartilage and bone, the 
matiix dominates the picture and its density may be so great as to 
hide the presence of the fibers embedded in it (hyaline cartilage and 
bone) or at Ieast partially mask them (clastic cartilage), 


Pos 
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Finrous Connective ‘Tissurs 

MESENCHYME. Examine, with low power, a section through the 
head of an carly chick or pig cbiyo and locate the cells which le 
between the external layer of epithelium and the thick-walled newal 
tube. Change to high power and observe the structural details of these 
cells, Search the area until you find a stellate-shaped cell which is 
typical of these cells of the primitive mesenchyme, Note: the shape 
al the cells; the shape and relative size of the nuclei, Is the chromatin 
material of the nucleus dense, vesicular, or granular in appearance? 
Is the cytoplasm granular? Observe the delicate, branched processes 
ol the cells which are not only in contact with one another, but appear 
lo anastomose and Jorm a continuous protoplasmic structure (syn- 
cytium) throughout the tissue, Note the clear, intercellular spaces 
which, in the living condition are occupied by fluid which forms the 
ground substance or matrix of the tissue. 

Examine a section of the head of an advanced embryo of a pig with 
the low power, Find an area in which mesenchyme is being transformed 
into a definite connective tissue, Such an area can usually be found 
in the region about the developing toath. Study the tissue with high 
power, Note: the connective tissue cells, observing that they closely 
resemble the cells of mesenchyme; in what ways do these cells differ 
from mesenchymal cells? Compare with the previous slide, Js there 
more or less intercellular space in this older tissue than in mesenchyme? 
Observe the presence of delicate fibers in these intercellular spaces. 
Do these fibers appear to have any special arrangement? Are the lihers 
single or can you find some which have united to form fiber bundles? 
What does the presence of fiber bundles indicate? 

EMBRYONAL CONNECTIVE ‘TISSUE. Examine a_ section 
through the umbilical cord with the high power. Observe the details 
of the cells and compare them with the cells of the embryonic forms of 
connective tissue. Mn the living condition, the intercellular spaces con- 
tain a mucoid substance (Wharton's jelly), Note the bundles of delicate 
fibers, observing the wavy arrangement of the fibers in the bundles, 
Notice that the intercellular spaces are almost completely filled with 
these bundles, an arrangement which adds greatly to the strength of 
the tissuc, 

In suitably prepared sections, fing, stifl fibers (fibroglia or border 
fibrils) may be seen passing through the borders of the cells and extend- 
ing into their processes, Examine a section which has been prepared for 
clemonstrating fibroglia and draw these fibers showing their relation 
to the’ cells, 

RETICULAR CONNECTIVE TISSUE. With the high power, 
examing a section of a lymph gland from which the lymphocytes have 
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been removed, thereby revealing the tissues which forns (he framework 
of the gland, 

Note the connective tissue capsule and the trabeculae which extend 
from the capsule into the gland, What kind of connective lissuc fibers 
predominate in these structures? Observe the numerous, rodlike nuclei 
of the connective tissue cells between the fiber bundles in the tra- 
beculac. Alter locating an arca from which the lymphocytes have been 
removed, shift to high power and examine, Observe the delicate fibers 
which form a network (reticulum) that fills the spaces between the 
trabeculae. Note that this network is formed by the reticular cells and 
their delicate, anastomosing processes. ‘The reticular fibers can be 
observed most easily in tssucs which have been weated with a silver 
stain (Bielschowsky's technique). In these preparations, the delicate, 
black stained 1eticular fibers arc seen to lic in close relation to the cells 
and their processes, and form the true reticulum, These fibers can be 
traced into the trabeculae where they are seen to be continuous with 
the collagenous fibers. 

Note carefully the structure of the reticular cells, Observe the 
numerous smal] cells (lymphocytes) enclosed in the meshes of the 
reticulum, Only the deeply stained nuclei of these cells are seen, Why? 


» Make a drawing of a few of the reticular cells as they appear when seen with 
high power, 


FIBRILLAR GONNECTLIVE ‘TISSUE, In fibrillar connective tis: 
sue the fine white or collagenous fibers (fibrillae) are bound together 
by a cement substance into bundles (fiber bundles), The most impor: 
tant forms of fibrillar tissue are areolar connective tissuc; adipose tissuc; 
dense fibrous tissue; dense clastic tissue, 

AREOLAR CONNECTIVE, TISSUE. In arcolar connective tissue 
the fiber bundles are interwoven in all directions, Two forms are 
recognized: dense areolar tissue and loose arcolar tissue, 

Densr Arro.Ar. With low power examine a section of skin, Locate 
the tissue (dense arcolar tissue) which lies immediately bencath the 
epidermis, Note the fiber bundles, observing that they ave cul longi- 
tudinally, obliquely, and transversely, What conclusion, in respect Lo 
the direction of the fiber bundles in dense arcolar tissue, is to be drawn 
from the different ways in which they are cut in the section? Ghange to 
high power and note the wavy lines which run lengthwise of the fiber 
bundles. What do they indicate? Note the narrow spaces between the 
fiber bundles; the rodlike nuclet of the connective tissue cells. What 
is the relation of the fibroblasts to the fiber bundles? Explain why, for 
the most part, the cytoplasm of these cells is invisible. 


Draw: showing the appearance of dense areolar tissue as seen in the sectlon, 


STUDY OF GONNEGTIVE LISSURS a7 


Loose Arnonan Triste. With the low power, examine the part of 
the section which Lies deep to the dense tissue just examined, Note that 
the bundles of collagenous fibers are gathered into uabeculae, between 
which are wide interspaces. Note that the trabeculae branch, the 
branches uniting and lorming a loosely anranged network, Why is this 
lissue called loose areolar tissue? Observe the aggregations of fat cells 
(adipose tissue) which fill the interspaces between the trabeculae. 


Draw’ showing (he characteristic appemance of the Ussue as seen in the section. 


Examine, with the low power, a section of skin from the palm ol 
the hand which has been stained with an elastic tissue stain (Verhoefl’s 
stain). The collagenous fiber bundles stain pink, while the clastic 
fibers are a dense blue or black. 

Note the aniangement of the clastic fibers among the bundles of 
collagenous fibers: the branching of the elastic fibers; the anastomosing 
of branches and fibers to form a network in the meshes of which the 
collagenous hber bundles are located, In what parts of the tissue are 
the elastic fibers the least abundant? In what parts of the tissue are they 
the more delicate? In what parts of the tissue are they coarser ata most 
abundant? Do any of the elastic fibers extend among the fat cells? 


Draw a portion of the section showing the distribution of clastic fibers as they 
appear when stained with an clastic tissue stan, 


ADIPOSE ‘TISSUE, ‘Che relation of adipose tissue to loose areolar 
Ussue has already been observed. 

With the low power, examine a picce of omentum treated with 
osmic acid, Note the globular fat cells whiclt have been blackened 
with osmic acid. Are these cells all the same size? What is che reaction 
of fats lo osmic acid? Observe that these cells are grouped about a 
blood vessel and its uibutaries. 

With the high power, examine groups of fat cells in a section 
stained with hematoxylin and eosin, which contains a considerable 
amount ol loose areolar tissue, Note the manner in which the shape 
of the cells has been altered by mutual pressure. In most preparations 
the outlines of the lat cells are modified by the shrinkage resulting 
from the action of the reagents employed in fixing and hardening the 
tissuc, Observe that the fat, which filled the bodies of these cells has 
been dissolved, leaving a clear space surrounded by a thin protoplasmic 
membrane which ontlines the cells, Observe the nuclei of the fat cells, 
noting theiy position at one side of the cell when present in the 
section, Why are nuclei not observed in connection with all of the 
cells in the tissue? Nuclei which can be seen in surface view are more 
or less oval in outline; those which are secn in side view appear 
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flattened and rodlike, Note the small amount of granular cytoplasm 
which surrounds cach nucleus, What gives these cells a “signetrinp” 
appearance? Observe the trabeculae of fibrous tissue by which the far 
cells are supported; also the delicate connective tissue fibers which 
extend from the trabeculae between the cells, Considerable difficulty 
may be experienced in distinguishing between the nuclei ol the fat 
cells and those of the cells in the connective Lissue. 


Draw: showing the appearance and atangement of the cells in adipose tissue, 


With the low power, examine a section of adipose tissue in which 
the blood vessels have been injected, Observe the location ol the prin- 
cipal arterics in the larger septa, their branches lollowing through the 
smaller septa to break up into capillaries which lie in close relation 
to the fat cells, 

DENSE FIBROUS TISSUE. Dense fibrous tissue differs from dense 
areolar tissue mainly in the arrangement of the fiber bundles, In all 
forms of areolar (issue the bundles are interwoven in all directions, 
while in dense fibrous tissue the bundles lic parallel to one another, 
In certain forms of dense fibrous (issne (aponcuroses), the parallel 
bundles in one plane lie at right angles to the parallel bundles in 
adjacent planes, In tendon all of the fiber bundles are parallel. 

Examine a cross section of a tendon with the low power, Note: the 
layer of connective (issue by which the tendon is enclosed, Lhe tendon 
sheath (external peritendineum); the connective tissue septa which 
extend into the tendon from the sheath (internal peritendineum), and 
which surround the secondary bundles or tendon fasciculi, 

The primary bundles (fiber bundles) are outlined by the “winged” tendon cells. 
A number of primary bundles, sunounded by the delicate septa al the internal 
peritendincum (the fascicular sheath) is Known as a seconcuy bundle, Secondary 
hundley may be enclosed by still broader septa, forming a third group, the verday 
bundles, 


Note that the connective tissue of the internal peritendineum 
provides the pathway by which the blood vessels and nerves pass to 
the diflerent parts of the tendon. 


Draw a portion of the section as observed. Show the manner in which the 
ptimary bundles are grouped to form secondary bundles, and the relation of the 
connective tissue septa to the general suuucture of the tendon, 


With the high power, examine a portion of a tendon which has 
been first macerated, then Leased and stained, Note the separation ol 
the hber bundles; also the separation of the fibers of which the bundles 
are composed; the position of the tendon cells between the bundles. 
What is the shape of the nuclei of the tendon cells? How are, they 
arranged? In places where the fiber bundles are well separated, some 
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of the tendon cells may be scen in surface view. Note their irregular 
outline and large, oval nuclei. 


Draw: showing the relation of the fibers to the tthe bundles; the relation of 
the fiber bundles to the tendon; the Jorn and position of the it led, 


Examine the longitudinal section of a tendon with the low power, 
Note: the parallel aangement of the fiber bundles, and the shape 
and arrangement ol the nuclei. Shift to high power, Observe the longi- 
uidinally striated appearance of the fiber bundles. What causes this 
striated appearance? Note: the septa of delicate collagenous fibers 
between groups of primary bundles, forming secondary buudles, Are 
there any blood vessels in these septa? Can nerve fibers be identilied 
in the septa? Note the difference in the form of the nuclei of the con- 
nective tissue cells of the septa and those of the tendon cells. 


Draw. showing the appearance and structure of a tendon as seen in longitudinal 
section, 


First with low power and then with high power, examine a cross 
section ol tendon, Note: the position of the tenclon cells between the 
primary bundles (fiber bundles), observing their “winged” appearance; 
the portion of the internal pevitendineum which forms the lascicular 
sheath; the presence of blood vessels and nerves in the fascicular sheath. 


Jaw a sccondary buudle showing the above uaned pasts of the structure, 
Y 8 } 


DENSE ELASTIC TISSUE. Ihe best method of studying dense 
clastic (issue is to compare preparations of the ligamentum nuchae ol 
an ox, step by step, with similar prepaations of tendon, 

Jixamine the teased, unstained fibers of the tigamentum nuchae 
with high power, Note the size of the elastic fibers, which are not to be 
compared with the fiber bundles (Crequently regarded as fibers) in the 
tendon, but with the fibers of which the bundles are composed. 

Observe the bright, highly illuminated appearance of the clastic 
fibers, This is due to their high refractive quality, a quality which 
collagenous fibers do not possess, Do these fibers branch? Note the 
tendency of the fibers to bend or curl at the points where they are cut 
or broken, Why do they do this? : 

Draw a portion of the preparations, showing the characteristics of 
clastic fibers. 

Examine a longitudinal section of ligamentum nuchae with the 
low power, Note that each fiber is smaller than the fiber bundles in 
the longitudinal section of a tendon, Mach fiber is surrounded by a 
network of delicate collagenous fibers by which the elastic fibers are 
bound together, Note that here and there in the section, somewhat 
larger accumulations of collagenois tissue may be scen, These are 
extensions of connective tissue from the sheath by which the structure 
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is enclosed. What is the purpose of this connective tissue? Flow may 
this be determined by observation? Why does the dense elastic tissue 
have a more richly nucleated appearance than the dense collagenous 
tissue? Gompare the shape of the nuclei of the clastic tissue with those 
of tendon, 


Draw: showing the appemance of the section as observed, 


fxamine a cross section of the ligamentum nuchae first with low 
power and then with high power. In this section the ends of individual 
fibers, not of fiber bundles (as in the cross secon ol a tendon), are 
being observed, Note the varying sizes of the (thers, the smaller fibers 
being round or oval, while the luger fibers appear More or less tri- 
angular in outline, Identily the sheaths of delicate collagenous fibers 
by which the elastic fibers are surrounded. Observe the nuclei of the 
tissue cells between the fibers. Flow do the cells of clastic tissue differ 
{rom those observed in the cross section of a tendon? 


Draw: showing the appearance and stracting of the section as observed, 
STUDY OF CARTILAGE 

HYALINE CARTILAGE, Examine fresh pieces ol articular carti- 
lage, costal cartilage and tracheal cartilage, Note that they resemble 
each other in being fum and resilient; that they are bluish white in 
color; and that they have a pearly Juster. Gut a thin slice of cartilage 
and place the slice over the letters on a printed page. Gan the letters be 
seen through the cartilage? Hold the slice to light and observe its 
capacity co Wwansmit light, What term should be applied to cartilage in 
view of these observauons? Treat the cartilage with a dilute solution 
of sodium hydroxide, Mxamine the cartilage after the solucion has acted 
upon it fora short period, Are fibers apparent in the matrix? If so, what 
is their arrangement? * , 

Three types of hyaline cartilage are recognized: embryonic, adult, 
and old. The stuclent must realize that these types are not specilic or 
static, hut represent stages in a series ol progressive changes which take 
place with the growth ol the tissue and as age advances. 

Emprvonic Hyauine Cartitsce. Using the low power, examine the 
head (epiphysis) of one of the long bones of a fetal animal, Note the 
hyaline cartilage which forms the epiphysis, Obscrve its homogencous 
character, In this stage the matrix is more of the precartilage type. 
hence it is softer and less modified in ils different parts. Observe the 
number, shape and arrangement of the cells, Compare this section with 
a section of adult cartilage, How does the number of cells present ina 
given area of embryonic cartilage compare with (he number present it 
a similar area of adult cartilage? In the embryonic cartilage note that 
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the long axes of the cells at the periphery of the cartilage are parallel 
with the surface; the Jong axes of the cells in the deeper portions of the 
matrix are mote or less tadial in direction, Note that the cells in the 
deeper portions of the matrix ue more widely separated than (hose 
nearer the periphery. This is due to interstitial growth—the formation 
ol matrix beuween the cells, Ave any of the cells in groups? HH so, in 
what part of the mauix? Can cartilage capsules be seen: surrounding 
the lacunae? Observe the perichondrium, What is the staining reaction 
of its fiber bundles? Does the perichondrium completely surround the 
cartilage? If not, to what part of the cartilage is it limited? Explain the 
condition observed. Trace the fibers of the perichondrium into the 
cartilage, What changes are to be observed as the fibers extend more 
deeply into the matrix? Explain the inclusion of these fibers in the 
matrix, What observable facts support this explanation? 

Apurr Hyaum Careinace, With the low power examine a section 
through a costal cartilage of a young adult, Note: the perichondrium, 
observe the staining reaction of its fiber bundles; the form of the 
nuclei of ils connective Cissue cells; the cells in the periplicral layers of 
cartilage immediately beneath the perichondrium. Trace the transition 
from the connective tissue cells in the perichondrium to the cartilage 
cells in the peripheral portions of the sections. Elow are these cartilage 
cells to be distinguished from the cells in the perichondrium? Identify 
a lacunae, Note the increase in sive of the lacunae from the periphery 
to the deeper parts of the matrix. Find two cells which are separated by 
a thin partition of cartilage; also two similar cells which are separated 
by a considerably broader partition, Explain, Observe the highly refrac 
tive quality of the cartilage immediately surrounding the lacunac 
(cartilage capsule; territorial cartilage); the mavtix between the carti- 
lage capsules (interterritorial cartilage). What is the difference in the 
staining reaction ofthe territorial and interterritorial areas? How can 
you explain this? In the deep portions of the matrix, note groups of 
cartilage cells which have not separated alter cell diyision has taken 
place. How do these cells differ from those in the superficial portions 
of the cartilage? Observe the deep blue color of the matrix between 
many ol the cell groups. What docs this indicate? What may he its 
possible relation to the conditions observed in the cells? 

Study the cells with (he high power observing their changes in form 
and arrangement from the perichondrium to the deep portions of the 
matrix, 

Ovp FyAuine Garrirace, Using first the low power and then the 
high power, examine a section from the costal cartilage of an aged 
subject, Note: the extent to which the perichondrium has diminished 
in thickness; ule lack of newly formed (embryonic) cells; the number 
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of cells which show degenerative changes in the cutilage immediately 
below the perichondiium; the aratngement ol theve cells in groups: 
the relatively small number of cell groups and then wide separation 
throughout the mattixy die absence of cleanly delined cu lage capsules, 
What do these observations indicate concerning the activity of the 
carUlage cells? What conclusions are to be drawn regarding the pto- 
cesses of growth in old cartilage? What observation leads to the con- 
clusion that calcification ds characteristic ol cartilage in old age? 


Draw: characteristic areas to illustrate the sauctuial dillerences heuween embry 
onic, adult, and old hyaline cartilage. 


ELASTIG CARTILAGE, }'xamine a section though the cartilagi- 
nous plate that supports the pinna of the cu, using the low power lor 
a general study ol the section and the high power for a more detailed 
study of the cells and fibers, A section stained with Verhoell's clastic 
tissue stain provides the best material for this study. 

Note the perichondiiun, observing the collagenous fibers which 
ate stained pink, and the clastic fibers which are stained a deep black, 
Trace the elastic fibers hom the perichondrium into the peripheval 
portions ol the cartilage, Do the collagenous fibers also extend into 
the matvix? Note: the size and shape of the cartilage cells; the shape 
of the lacunae which they occupy; the highly refiactive cartilage cap. 
sules which surround the lacunae. Do the cells tend to lorm groups 
as in hyaline cai tilage? What does this indicate regarding the trequency 
of cel) divisions in clastic cartilage? What does it imply regarding the 
supply of nutritive elements to these cells; the consistency ol the matrix? 
Observe the number and a rangement of the elastic fibers in the deeper 
portions of the matiix. Are elastic fibers present in the cartilage cap 
sules? To what conclusion docs this point concerning une origin of the 
elastic fibers? Find areas in the cartilage Irom which clastic fibers are 
absent and compare with adult hyaline cartilage, Fxamine some ol the 
cells in clastic cartilage with the high power. Compare them with the 
cells observed in the deep portions of the matrix in hyaline cartilage. 
What diflerences are to he notecl? 


Diaw: (1) the section as it appears with the low power; (2) a number of the 
cartilage cells as observed with the high power, 


Examine a section of elastic cartilage stained with hematoxylin and 
cosin with the high power, Identify the elastic fibers in the matrix. By 
what property of clastic fibers are they to be distinguished? 


Draw: showing the characteristic appearance of the section. 


FIBROUS CARTILAGE, Exainine with the high power a sectlon 
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passing through two adjacent verlelnae liom a fetus. Note: the (thous 
Lissue passing [rom one veitelal bady to the other; the ther bundles 
which, passing from this lissue, extend beuween the vertebrae; the 
rodlike nuclei of the connective tissue cells between the fiber bundles. 
Note the change in the character of the nuclei ol these cells as the 
fiber bundles enter che region of the intervertebral disc, observing the 
round spaces (lacunae) which they occupy in this region. 

The formation of the matrix in which the fther bundles and cells 
are embedded prevents the bundles from pressing on the cells, hence 
the 1ounded Jorm, rather than (he flat, compressed form: characteristic 
of the nuclei in the fibrous tissue, The matrix is softer, more resilient, 
and mote transparent (han in the cartilages previously studied. 

¥ollow the fiber bundles in the fibrous cartilage of the interverte- 
bral disc, noting the manner in which they disappear in the embryonic 
cartilage of which the vertebral bodies are formed, In the adult con- 
dition the fiber bundles are lost in the same way in the articular car 
tilages with which they are associated. 

Diaw: showing the relation of the tissre forming the intervertebral discs to the 
vertebral bodies and the aansition in the form of the nuclei from the fibrous 
connective tissue lo the fibous cartilage, 


Examine with the high power a section from the intervertebral disc 
olan adult, Note: the parallel arrangement af the collagenous bundles; 
their wavy course in the tissue; the clearness with which (bey can be 
seen, giving them a close resemblance to a section of tendon; the lage. 
round lacunae in which the cartilage cells are located; the linea: ar 
rangement of the cells, comparing their arrangement in fibrous cati- 
lage with that observed in dense fibrous tissue (tendon), Do the cells 
ol fibrous cartilage (end to lorm in cell groups? 


Diaw: showing the characteristic appearance of the tissue, 


STUDY OF BONE 


GROSS STRUCTURE OF BONE, (1) Examine one of the long 
bones (humerus or femur) which has been sectioned longitudinally. 
Observe the solid (dense) appearance of the bone surrounding the 
marrow cavity in the diaphysis; the spongy bone which more or less 
completely fills the epiphyses, noting the latticelike arrangement of the 
trabeculae and spicules of which it is formed; the thin, shell-like layer 
of dense bone by which the spongy bone is enclosed. 

(2) Examine an itregular bone (metacarpal; metatarsal or body of a 
vertebra) which has been sectioned, Note that the structure of the entire 
bone is similar to that of the epiphyses of the long bone; i.e, it consists 
of a mass of spongy bone with a thin, outcr covering of dense bone, 
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(8) Examine the sectioned surface of a flat (parietal) bone, Note the 
inner and outer plates of dense bone between which a narrow layer of 


spongy bone (diplo#) is to be seen. 


Draw: showing the architecture of cach type of bone cxamined, 


DECALCIFIED BONE. With the Jow power, examine a cross sec- 
tion of a long bone (preferably of a small animal) whieh has been decal: 
cified. Identify the thin layers or lamellae of bone which completely 
encircle the bone at its circunierence (ealemal circumferential lanel- 
lae); similar lamellae which occupy the portion of the bone surtound- 
ing the marrow cavity (internal circumferential lamellae), Ave lacunae 
found in relation to these Jamellac? Are J faversian canals lound in this 
area? Identily an Haversian canal; lacunae, the numerous small spaces 
concentrically arranged about each Haversian canal; concentrically 
arranged bony lamellac, Fach Haversian canal, with ils encircling 
group of lacunae and bony lamellae, constituics an Haversian system, 
In the area between the external and internal circumlerential lamellae, 
find lacunae which do not belong to any ol the Tlaversian systems, 
These lacunac belong to the interstitial lamellae. In some cases the 
lamellation of the hone is apparent in decalcified materials in other 
cases, the formation al the lamellae is masked by the character of the 
matrix, 

Identify the periosteum, Ol what is it composed? Follow the course 
of any fibers which can be waced trom the periosteim into the sub 
stance of the bone, What are these fibers called? 

Observe the martow cavity, 


Draw: showing the appearance of the bone as seen in a decalcified sectian, 


DRY SECTION OF DENSE BONE: Cross Sucrion or Dry Bone, 
(1) Examine the section with the low power, Observe the Haversian 
systems, each consisting ol a scrics of concentric lamellae enclosing an 
Haveisian canal; the lacunae or spaces in which the bone cells are 
focated in living bone. Observe that the general arrangement of the 
lacunae follows that of the concentric lamellae, Observe the canaliculi, 
secn as fine, dark lines extending from the lacunae through the bony 
substance of the famellac. Here and there in the section, canals similar 
to the Haversian canals may be scen passing from one Haversian canal 
to another, Observe the arrangement of the Haversian systems in rela- 
tion to one another, noting the interstitial lamellae beuveen the Haver 
sian systems with their associated lacunae and canaliculi, 

Air is imprisoned in the Maversian canals, lacunne, and canaliculi by the 


medium in which the section is mounted. Lhe diflerence in the refraction of tha 
light passing Unough these air-filled spaces and of that which passes Unough the 
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matrix of the bune causes them to appear ay dark dieas or lines agamst a Hghter 
background. . 

Diaw: the section as seen with the low power, 

(2) Examine an Haversian system with the high power, Observe 
the irregular outlines ol the elongated Lacunae. What is the position 
of the lacunae in relation to the lamellae? Are all the lacunae iu this 
relation? Observe the delicate lines by which the concennic Jantellae 
are outlined, Note the canaliculi extending Jrom the lacunre; thicit 
branching; the anastomosing of their branches, Follow the course of 
the canaliculi from the lacunae nearest an Uayersian canal, Do any 
canaliculi reach the canal? Observe the interstitial lamellae. Is there 
any relation between the lacunae in the interstitial lamellae and those 
in the peripheral portions of the Haversian systenis? 

Diaw: showing the structues and tbeir relations as observed in an Lfaveisian. 
system, 


LoNGIruDINAL SPGUON OF Dey Bone, Study the section with the 
low power, Identify the Haversian canals; the bony lamellae by which 
each canal is encireled; the lacunae and canaliculi, To what con- 
clusion as to the length of an Haversian system does the above observa- 
tion lead? Observe the canals which pass trom one Haversian canal to 
another, 

Draw: showing the suucuue of bone as seen in Jongivudinal section, 


From the loregoing observations, consuruck a diaguun showing the manner in 
which blood vessels and nerves are disaibured to the different parts of the bone, 


STUDY OF IN'TRAMEMBRANOUS BONE FORMATION 


The best material for the study of the earliest stages in the devel- 
opment of intramembranous bone is provided by a series of sections 
through the parietal bones in various stages of deyclopment, With the 
low power magnification locate an area where bone is being formed. 
Shilt to high power and focus on the margin of an area of newly 
lormed bone. Observe the narrow, platelike deposit of preasscous 
material (ostein; osteoid) which lies between the bony segments and 
the adjacent connective tissue. Note the hyaline appearance of this 
osicin, Flow ¢cloes it stain? Note the connective tissue {thers which are 
associated with it and which are apparently lost in its substance. 
Identify the bone forming cells (osteoblasts), Note the shape and 
staining reaction ol these cells. What is the position of their nuclei? 
Whete are these cells located? What is their relation to the fibroblasts 
of the adjacent connective tissuc? From their location can you tall 
anything about the direction in which the bone is growing? Explain. 
Find cells which are partly embedded in the matrix. How do these 


BEI) LABORATORY DIRECTIONS 


cells differ in form from the more active osteoblasts? Observe the cells 
which are wholly embedded in che substance of the bauy plates, What 
is une shape of these cells? What are they called? Find one or two osteo. 
clasts. How do they compare with the osteoblasts in size? tu staining 
reaction? In the number of nuclei they possess? What is the character 
ol the tissue surrounding the bony plate? 


Draw: showing the appearance and arrangement of dhe suuctunes in developing 
bone, 


Examine a section ol parietal bone att more advanced stage in its 
development, Use the low power for a general study ol the section, and 
the high power for obsa ving details of structure, 

Note that the bone on the inner (cerebral) side has assumed the 
character of dense bone by the development of concentric layers ol 
bony tissue in the spaces between the spicules, Observe (he atypical 
character of these Taversian sysiems, Note Haversian spaces in which 
the development of concentric layers has been only partially accom. 
plished. In most sections, at this stage in the development of the bone, 
the manne. in which dense bone is loumed can be followed Irom the 
Haversian spaces to the systems where the concentric layers surround 
the blood vessels. 

Observe the spicules which are being formed at the outer (cranial) 
surlace of the bone, noting the lighter area of uncalcilied material 
which borders the more deeply colored, ossified portion of the bone. 
As in the previous study, observe the osteoblasts arranged along the 
uncaleified borders ol the spicules, Note areas on the surface of the bars 
and spicules where there is no uncalcified border, What is the lou 
of the osteoblasts in these areas? Note dhe fibers radiating from: the 
spicules into the surrounding tissue; Une transformation into ostco: 
blasts of the connective tissue cells associated with these fibers, Find 
a number of osteoblasts which are becoming osteocytes by having 
matrix deposited about them, Note where two spicules are pointed 
toward cach other, and the fibers tbat pass from one spicule to the 
other; the osteoblasts which ave arranged along these fibers, What does 
this indicate concerning the manner in which Laversian spaces are 
formed? Find a number of osteoclasts, On what surface of the bone 
are they located? Explain their presence on this surlace, Identify the 
external periosteum; the internal periostcum, What tissue, previously 
studied, does the osteogenetic layer of the periosteum resemble? 


The cells and fibers of the osteogenic layer of the periosteum form bone in the 
region of the spicules; when enclosed in the [aversian spaces they become print 
live marrow, Tissues which are capable of more than one functional activity are 
stil Lo be muliipotential, 
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With a hand magnilier examine a section ol a phalanx from the 
finger of a Ietus, Note: the epiphyses, the embryonic au Lilage appedis 
yellowish or light blue while the presence ol calcified cartilage is indi- 
cated by the arcay which are sttined a deep blue. Identity: the diaphysis 
or shalt whieh is located between the epiphyses; the miarrow cavity 
which occupies the mid-portion of the diaphysis, How do the segments 
of decalcilied bone stain? 

Using the low power, follow the changes which take place in the 
cartilage preliminary to its replacement by bone; the formation of 
the primary marow spaces, How ae the primary marrow spaces to he 
identified? Note the areas in which bone has been deposited on and 
within the phalanx. 

Observe the embryonic character of the cartilage of which the 
epiphyses are formed; the layer of connective tisste on the sides of 
the epiphyses (perichondrium). What is the extent of the perichon- 
drium? What surlace does it leave uncovered? Note the evidence of 
calcification in the cartilage. In what parts of the cartilage does calci- 
fication occur? Note in the calcified area, the changes which take place 
in the cartilage cells; their tendency to form parallel rows. Gampare 
these cells with the cells in the calcified portion of adult cartilage. 
What possible relation may there be between the calcification of the 
cartilage and the observed changes in the cartilage cells? Note the en- 
largement of the lacunae which these cells occupy, also the formation 
ol primary marrow spaces by the resorption of the walls beuveen the 
lacunae, ‘The calcified cartilage separating the rows of cartilage cells 
renains in the form of spicules between the primary marrow spaces. 
Observe the bone which has been deposited on these spicules; the 
osteoblasts located on the borders of the newly formed bone; spicules 
which have the appearance of lying freely in the marrow cavity, How 
is the cartilage which forms the core of the spicules to be distinguished 
from the bone by which it is surrounded? Note: the layer of suubpei- 
osteal bone forming the wall of the diaphysis; the periosteum, identi- 
lying ils ostcogenetic layer, Find points where the ostcogenetic tissue, 
conveying a blood vessel (periosteal bud), has entered or passed through 
the subperiosteal bone, Note the spaces filled with primitive marrow 
that. are in the subperiosteal bone, What spaces previously observed 
do they resemble? What do these spaces suggest as to the manner in 
which subperiosteal hone is fornied? Observe the difference between 
the marrow in the secondary marrow space (marrow cavity) and the 
osteogenelic tissue (primary marrow) in the primary marrow spaces. 
In what does this differerice principally consist? 
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Diaw the section in outline and fl iu the details observed ins following the 
ahove laboratory procedure, 


Kxamine the section with the high power, Observe the differences 
between the cells of the embryonic cartilage in the epiphysis and those 
in the calcified portions of the cartilage. What is the nature of these 
differences? Observe one of the spicules between the primary marrow 
spaces, noting the calcified cartilage and the bone by which it is 
hordered. How does this bone compare with that observed in the 
early stages of intramembranous bone formmacdon? Observe the osteo 
blasts arranged along the sinlace of the uewly formed bone. From 
what tissue are the osteoblasts obviously derived? Examine an area 
in which the subperiosteal bone is thickest. Is there any evidence of 
its being deposited in layers (lamellae)? Identily the osteoclasts which 
may be found in relation to the spicules and also on the inner surlace 
of the subperiosteal bone, Note the difference between the osteogenic 
lisse in the primary marrow spaces and the tissue which occupies the 
secondary maurow spice or marrow cavity, What appears to he the 
principal function of the osteogenic tissue? OF the tissue occupying 
the marrow cavity? Can cells resembling osteoclasts be found in. the 
lissue of the marrow cavily apart from bone? What does this suggest 
as to the possible origin of osteoclasts? Identify a periosteal bud. O1 
what docs it consist? 

Make seyeral drawings to show the struchual details indicated in the above 
ouddine. 


METHOD OF IDENTIFICATION OF GONNECTIVE TMSSUES 
The identification of connective tissues requires recognition af not 
only cells, but fibers and imayix as well, Given an unknown slide, the 
student should first examine the tissue under low power and notice 
which ol these Unree claments predominate: cells, fibers or matrix, 

If there are numerous cells with relatively few fibers, or if the 
fibers are relatively numerous but not arranged in parallel rows, the 
tissue is probably mesenchyme or embryonal connective Uissue. Next 
observe the shape ol the cells and the number and arrangement of 
the fibers present, If the cells are closely arranged, stellate in’ shape 
with anastomosing processes and no fibers are apparent in the matrix, 
it is undoubtedly very young mesenchyme. Hl, on the other hand, the 
cells are farther apart, stellate in shape, the processes less prominent 
and not anastomosing and there are single fibers apparent in the matrix, 
the tissue is old mesenchyme (called embryonic connective tissue by 
some authors). Embryonal connective tissue is characterized by stellate. 
to oval-shaped cells which ave rather widely separated, fibers ar ranged 
in bundles, the bundles not being arranged in any regular fashion, 
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and the matrix is scarcely apparent since it is now campletely (illed by 
the fiber bundles, 

The above characteristics of carly connective tissues can be remem- 
bered if the student realizes that the characteristics represent logical 
changes which result Irom growth and development, At first cells 
are numerous and Ueir processes aatstomase and lorm a syncytiun, 
and they are bathed in a relatively abundant fluid matrix, With growth 
of the organism, the cells become more widely separated, their proc. 
esses no longer anastomose and asa result the cells become more oval 
in shape. Fibers begin to be found singly at first and later, as they 
become more numerous, they are arranged in bundles, These fibers 
are formed in the matrix and as they increase in number, the matrix 
is no longer apparent, Sb the presence, number, and arrangement of 
the fibers is a gauge to the age of the developing connective tissue. 

If on first examination the student observes that fibers seem to 
predominate in the tissue, it is very probable that he has a section of 
fibrous connective tissue and he must differentiate between areolar, 
dense fibrous (tendon), or dense clastic (ligamentum nuchae) connec- 
tive tissue, The areolar connective tissues are characterized by bundles 
of fibers that are interwoven into a compact feltlike mass, The cells 
are scattered and are arranged on the edge of the fiber bundles, ‘The 
terms dense and loose areolar are used lo designate the quantity and 
compactness of the fiber bundle mass. loose areolar tissue usually 
consisis of strands or trabeculae of areolar tissue and is always associ- 
ated with quantidies of fat (if the fat cells are abundant, it is usually 
referred (o as adipose tissue), 

In both deuse fibrous and dense clastic connective tissue, the fiber 
bundles are arranged in parallel, They should offer no particular clifli- 
culty to the student if he remembers that collagenous fibers (in tenclon) 
always occur in bundles andl that clastic fibers (int ligamentum nuchac) 
always occur singly, Therefore, in longitudinal sections of tendon the 
parallel fiber bundles are relatively wide, the cells which are located 
at the periphery of the bundles are farther apart and will be fewer 
than in a section of ligamentum nuchae where they are located be» 
uveen the individual fibers, Moreover the appearance of the nuclei 
of the cells is typical in each tissue. In tendon the nuclei appear as 
relatively long, narrow, dark staining structures with “squared” ends 
resembling a series of “dashes.” The nuclei in ligamentum nuchae 
are shorter, more oval and less decply stained. Some students confuse 
tendon with striated muscle. This is a careless error since striated 
muscle presents cross striations, the nuclei are larger and more oval, 

Identification of cross sections of tendon and ligamentum nuchae 
can be mace without too much difficulty, Again in tendon the nuclei 
are farther apart, the fiber bundles appear rather distinctly, and the 
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cells have a characteristic “wing-shape.” ‘The connective Uissue septa 
dividing the tendon into primary and secondary tendon bundfes are 
very distinct, In ligamentum nuchac the cross section appears to have 
a more homogeneous appearance. The nuclei ol the cells ave closer 
logether and oval in shape. The connective Lissue septa are fewer and 
Jess distinct, 

Reticular connective tissue should nat he hard to identify if the 
student remembers that reticular tissue always forms the stroma of 
lymphoid organs, This tissue when stained with hematoxylin and 
eosin appears as a delicate reticulum ol Jaintly staining stellate shaped 
cells with anastomasing processes and fine reticular libers. Tl the tissue 
has been stained with silver the delicate reticular fibers will stain black. 
There will almost always (even in washed tisstie) be many lymphocytes 
caught and stained in the reticular (ber meshwork and this will aid 
the student in his identification, 

Adipose tissue always occurs in connection with loose areolar Lissue 
which forms the supporting framework for the fat cells. The fat cells 
are large cells in which, in most instances, only the cell membrane is 
apparent. In ordinary sections the fat has been dissolved out during 
the preparation of the tissue, (bus leaving ‘large empty spaces. Some 
of the cells will be cut so that their nuclei and a small amount of 
cytoplasm surrounding the nuclei will show, The cytoplasm and nuclei 
will have the characteristic compressed, newemnoon shape which has 
given the cells their so-called signet-ring appearance. 

I! the matrix is the dominant clement, it is likely the tissue is 
cartilage or bone. ‘To make certain one looks for the presence of 
lacunae, If they are present, it is one of these Lwo tissies, In order Lo 
differentiate between cartilage and bone, look [or the presence of 
Haversian systems which are characteristic and diagnostic of bone, II 
no Haversian systems are present, it is cartilage and the student must 
diflerentiate between hyaline, fibrous and elastic. Fliminate the casiest 
one first, this is fibrous cartilage. In adult fibrous cartilage the fibers 
are arranged in wavy, parallel bundles. The cartilage cells lie in lacunae 
between the fiber bundles and therefore have a definite linear arrange: 
ment, 

If, on the other hand, the matrix has a relatively homogeneous 
appearance (when stained with hematoxylin and eosin) it is either 
hyaline or elastic cartilage, Next observe the shape and arrangement 
of the cartilage cells. If the cells and lacunac are quite oval, occur for 
the most part singly, and are uniformly scattered through the matrix, 
it is elastic cartilage, Sometimes with hematoxylin and eosin stained 
tissue it is possible to observe the clastic fibers as a final identifying 
characteristic, If the section is stained by one of the clastic tissue stains, 
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the elastic fibers stand out sharply as tne black fibers interwoven 
throughout the matrix. 

Hyaline cartilage cells are flattened to round oval and occur singly 
and in groups. The younger, more flattened cells usually occur singly. 
In older hyaline cartilage several cells may occur within the same 
lacunae, being separated by thin strips of cartilage. Other distinguish- 
ing characteristics of hyaline cartilage (o be observed are the territorial 
and interterritorial areas and the capsules. The presence of these fea- 
tures should be checked belore final identification of hyaline cartilage 
is made, 


STUDY OF BONE MARROW 


Material for the study of bone marrow may be provided either by 
sections or smears, Sections give the best picture of the arrangement of 
the myeloid elements, but for the identification of the different cell 
types a smear prepaiation, stained with either Wright's or Giemsa’s 
blood stain, is best. 

Kixamine a section of the epiphysis of a long bone of a rabbit with 
the high power (after the first examination with the high power has 
been made the oil-immersion objective should be used), Observe the 
distribution of the cells of the red marrow between the spicules of 
bone, With some exceptions the identification of the cell types is diffi- 
cult, owing to the manner in which their staining propertics have been 
modified by the decalcifying fluids ancl other reagents employed in 
making the section. Following the foregoing clescription, identify as 
many ol the cell types as possible, Note the large, circular spaces (fat 
cells) which appear here and there in the tissue. 

Examine a smear preparation of bone marrow, using the oil-immer- 
sion objective, Owing to the difficulty of obtaining human material, 
marrow from (he epiphyses of the long bones of a monkey (if possible), 
or a dog, may be used, ’ 

It should be borne in mind that preparations of marrow from one of the lower 
animals give only an approximate picture of the condition obtaining in human 
mariow, 

Observe the different types of cells to be found in bone marrow, 
as Lollows: 

MYELOCYTIES. These are the most numerous cells of the marrow, 
They are to be recognized as neutrophilic, eosinophilic, and basophilic 
myelocytes by the presence of the granules which are characteristic of 
these cell typas, Note the large, slightly indented nucleus. Forms in 
which the cytoplasm is decidedly basophilic and in which only a few 
granules appear, are to be regarded as promyelocytes, As a rule, only 
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a few promyelocytes are Lo be found in these prepardtions, Observe cells 
which are somewhat smaller than the myelocytes, and in which the 
nucleus is deeply indented or crescentic; having, also, a cytoplasm which 
is filled with granules~metamyclacytes. "he metamyclocytes do iot 
divide but are transformed directly into mature leucocytes, 

MATURE GRANULOCYTES, These cells are similar to those 
which have already been observed in the blood. They are to he recog- 
nized by the staining properties of their granules as neutrophils, cosino- 
phils and basophils, Note the characteristic lobulation ol their nuclei. 
Which type is most numerous? Which type is least nume! ous? Dogs the 
same obseivation apply to the myclocytes? 

HEMOGYTOBLASTS (MYELOBLASTS). Only a few of these 
cells occur in preparations of normal bone marrow, When present they 
are to be recognized by their large size, their basophilic, nongranular 
cytoplasm, and large round or oval nuclei which may contain tivo or 
moie nucleoli, These cells closely resemble large lymphocytes with 
which they are regarded by many as being identical. They often occur 
in small groups ol three or four cells, 

LYMPHOCYTES. A small number of lymphocytes may be ob- 
served, Those which occur in the bone marrow are identical with the 
lymphocytes lound in the blood stream, They are to he recognized by 
their relatively large, deeply staining nuclei about which is a very thin 
film of cytoplasm. 

ERYTHROCYTES, Observe the large number of erythrocytes 
which are similar to those scon in the study of the blood, Other cells 
belonging to the erythrocyte serics may be observed as follows: 

NORMOBLASTS. Cells resembling the erythrocytes, but in which 
a round or slightly shrunken nucleus may he seen, Note the intensely 
acidophilic reaction of these cells which is due to the almost negligible 
amount of hemoglobin present in their stroma, Extruded nuclei may 
sometimes be observed among the erythrocytes, 

ERYTHROBLASTS, These cells are somewhat larger than the 
normoblasts, They may be recognized by their basophilic cytoplasm 
which has a slightly reddish tinge due to the increasing amount of 
hemoglobin present. The chromatin in their large, round or oyal nuclei 
consists of coarse masses arranged in the so-called “checkerboard” 
fashion, A Lew procrythroblasts (megaloblasts) may be present, They are 
slightly larger than the erythroblasts, their cytoplasm being strongly 
basophilic with an almost imperceptible reddish tinge. The nucleus is 
large, round and contains two or more nucleoli, 

MEGAKARYOCYTES, These cells are conspicuous becausd of 
their size, their irregular outline, a clear, nongranular cytoplasm and 
their large horseshoe-shaped, or ring-shaped, nuclei which are divided 
by constrictions into numerous irregular lobes, 
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Diaw examples of cach of the types ot cells observed grouping the cells so as 
lo show, as nealy as possible, the mangement in the pacpaation, 


Torn URIGATION OF UNKNOWN 
Identification of blood smears and bone marrow should present uo 
difficulty to the student. 


STUDY OF BLOOD 


Place a drop of warm normal salt, or Ringer's, solution on a clean 
slide, Wipe the tip of a finger with a piece of absorbent cation moistened 
with 80 per cent alcohol, Prick the finger with a sterilized needle and 
squeeze from ita drop of blood, Ace the drap of blood to the solution 
on the slide, (Wipe the finger again, very carelully and thoroughly with 
alcohol.) Place a cover slip on the preparation and examine with the 
high power, 

Observe the red corpuscles (erythrocytes) noting that they appear 
as flattencel, straw-colored discs with dark borders surrounding lighter 
central areas, Find rows of corpuscles which are adhering by their flat 
suifaces, noting (heir resemblance to stacks of coin (rouleaux forma. 
tion). Observe that as the medium in which the coipuseles have been 
placed becomes dense by evaporation at the edges of the cover glass, 
the osmotic tension is changed fron an isotonic to a hypertonic solu 
tion, Note how the corpuscles begin to alter their shape, becoming 
shrunken spheres, their surfaces being studded with small, knoblike 
processes (crenated corpuscles), Colorless bodies are to be seen here and 
there among the red corpuscles. The larger of these present a somewhat 
incgular outline (leucocytes: white blood cells), The smaller of these 
colorless bodies are about half the size of a corpuscle and tend to be 
collected in groups (thy ombacytes: blood platelets), 


Diaw: showing the different forms and arrangements of the red corpuscles as 
seen in the preparation, 


LEUCOCY'TES. Blood smears stained with Wright's or Giemsa's 
blood stains may be used for this study. The staining method suggested 
here is Wright's, 

It is good practice for the student to prepare a blood smear and 
stain it as part of the laboratory assignineut for work on the blood, The 
procedure is relatively simple and is as follows: 

With a piece of cotton we with alcohol, first clean the tip of the 
finger. Let the alcohol evaporate completely. Two clean slides should 
he laid out and ready, With a sterile lancet or needle, prick the finger 
tip so that it bleeds freely, Place a small drop of blood on one end of 
one of the slides, This slide shoule now be picked up and held in the 
lelt hand, with the end containing the drop of blood being held firmly 
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between (he thamb and ring finger. ‘The other end of the slide should 
be supported from below by the index and middle fingers. With the 
vight hand grasp the second clean slide, Resting it near dhe center of 
the furst slide at an acute angle pull it into the drap ot blood. 
The blood should spread along the entire edge of the second slide and 
the student should then push the second slide quickly along the entie 
extent of the first slide, thus diagging the blood along in-a chin film. 
DO NOT PUSIT ‘THE DROP OF BLOOD ALONG WITH CHIE 
SEGOND SLIDE. Why? Tf this entire procedure is done quickly and 
the slides are perfectly clean, a thin blood smear will be evenly dis. 
tributed on the first slide, Allow the smear to dry, Stain with Wright's 
stain, 

Method: 

Place the slide flat on a staining rack and flood the smear with 12-18 
drops of Wright's stain. 

Allow stain to remain one minute, 

With a dropper add an equal quantity (12-18 drops) of distilled 
water lo the stam on the slide. A metallic scum should form, Allow the 
diluted stain to remain on the smear five minutes. 

Flood the stain off with water, Do not tip the slide to drain the stain 
off or the metaltic scum will adhere to the smear and ruin it, 

Allow the stained slide to dry completely without touching the 
portion containing the smear. Uf properly done the stained portion 
should have a veddish-straw color, When the slide is thoroughly dry, 
place a diop of cedar oil ou the smear and examine it. using the oil- 
immersion objective, ‘ 

Identify the following: 

ERYTHROGYTES. The most numerous of the structures appear 
ing on the slide. They are vo be recognized by their having dark borders 
surrounding lighter central areas and by their color which varies from 
a straw color (o a brick ved. In normal blood the proportion of erythro- 
cytes to leucocytes is about 500 to 1. 

LYMPHOCYTES, Lymphocytes can he identified by their rela. 
tively large nuclei, filled with coarsely granular chromatin, The nuclei 
stain a deep blue (almost black) color, The small amount of clear 
cytoplasm is seen to be more abundant on one side of the nucleus; the 
remainder of the cytoplasm is in the form of a thin, protoplasmic film 
by which the nucleus is surrounded. 

Large lymphocytes are regarded, clinically, as being absent from the 
blood stream; when present they are large cells with oval, slightly in- 
dented, deeply staining nuclei. The large cells, resembling lymphocytes, 
which appear in the blood under certain pathological conditions (mye 
logenous leukemia) are hemocytoblasts (mycloblasts of the clinicians), 
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or the stem cells fiom which the other elements of the blood ae 
derived. 

MONONUCLEAR LEUCOCYTES, These cells may be distin 
guished from lymphocytes hy theit greater size, due to thei move 
abundant cytoplasm and by thei Jarge, cescentiic nuclei. Gompiae 
these cells lor size and lor the intensity of the nitclear stain, with those 
which have oval, indented nuclei, Which are the lager? In which cells 
do the nuclei stain mote intensely? 

GRANULAR = (POLYMORPHONUGLEAR) TLEUCOCYTES, 
These are large cells, which are to be recognized by the granules present 
in the cytoplasm and by their lobated nuclei. 

Neviropiniiia Lrucocytrs, These cells are about a third larger 
than the erythrocytes, They are to be identified by lobulated nuclei— 
three lobes can usually be obser ved—and the fine, purple or lilac calored 
granules with which the cytoplasm is filled. Note the strands of nuclear 
material by which the lobes of the nuclei are joined together. 

Kosinopuiiic Lrucocyies, These cells are somewhat larger than 
the erythrocytes, Note that their nuclei usually consist of two lobes 
joined together by a band of nuclear material. Note, also, that the 
cytoplasm is filled with coarse granules which stain a deep red color. 

Basovittic Luucocy 1s. These cells are only slightly larger than 
the erythrocytes, Note the coarse, irregularly shaped granules of vari- 
able sizes stained a cleep blue (almost black) with which the cytoplasm 
is filled, The nuclei consist ol three or more lobes, Haw do these nuclei 
stain as compared with the nuclei of other granulocytes? In most base 
phils the nuclei are almost, il not quite, obscured by the gumules. 

TIHROMBOCYTES (BLOOD PLATELETS), Small, non-nucle- 
ated, colorless bodies, irregular it oudine aud about hall the size, or 
less, of an erythrocyte, Note the outer clear zone and the inner core ol 
granular protoplasm, also the manner in which the platelets are clus. 
tered in groups. 

Draw examples of cach type of cell observed in the loregoing stucly, 
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STUDY OF MUSCLE TISSUFS 

SMOOTH MUSCLE. First with low and then with high power, 
examine a preparation of smooth muscle in which the fibers have been 
separated by teasing, Locate a single ber that Les apart from the main 
bit of muscle tissue, What is the shape of the liber? Note the large, oval 
nucleus. Where is it located in relation to the fiber? The ends of the 
nuclei are rounded, but the granular cytopkim in which they are 
located, extends beyond the ends of the nuclei and gives then a pointed 
appearance with ordinary magnifications. Are you able to observe the 
longitudinal striations in the fiber? What causes this appemanee of the 
fiber? Look for a fiber which has been broken in the process of teasing 
and sce if you can identily the myofibrillac extending beyond the body 
of the fiber, These myolibrillae are enveloped by a Muidlike proto- 
plasmic substance (sarcoplasm) which constitutes the remaining sub- 
stance of the fiber, Are you able to distinguish « definite membrane 
enclosing the fiber? 

Draw several smooth niuscle fibers, showing their foun and general appearances, 


Examine a section of the muscular portion of the wall of the 
alimentary canal with the low power, 

In the portion of the section in which the smooth muscle fibers are 
cut longitudinally, note the dilheulty in lollowing the outlines af the 
fibers owing to the manner in which they overlap. fir places where the 
fibers are separated, observe the network of delicate connective: tissue 
fibers between the muscle fibers, Note the deeply stained band, due to 
postmortem contraction, which may be seen crossing dhe smoath muscle 
fibers. 

In a portion of the section where the muscle has heen cut trans. 
versely, observe: the arrangement of the fibers in groups or bundles, 
imperfectly ouulined by connective tissue septa the delicate connective 
Ussue fibers which extend into the bundles from the septa and surround 
the muscle fibers; the difference in the size and outline of the fibers 
due to their fusiform shape and being cut at different levels. Those 
which are cut nearer the ends ave smaller and more angular than those 
which are cut through the level of the nucleus, Note the position of 
the nucleus in the central portion of the fiber. Does every fiber show a 
nucleus? Explain, Look for blood vessels and nerves in the septa which 
provide (he pathways by which these structures reach the different parts 
of the tissue. 


Draw: showing the appearance of smooth muscle (1) in longitudinal section; 
(2) in cross section, 


STRIATED MUSGLE. With the high power examine a prepara: 
tion of striated muscle in which the fibers have been separated by 





STUDY OF MUSCLE TISSUPS 57 


teasing, Note: the shape and size of the Gbers; the faintly marked longi- 
tudinal striations due to the presence of bundles of delicate myofibrillae 
(sarcostyles: muscle colunns af Kolliker) which extend throngl the 
length of the fiber. ‘The sarcostyles may be seen extending beyond the 
broken ends of some of the fibers, Gan the extremely celicitte imyo- 
fibrillae be seen extending beyond the ends al the strcostyles? Observe 
the alternating light and dark Wwansverse bands, or cross striations, hom 
which this type of muscle derives ils name; the thin, ausparent mem- 
brane by whieh the fiber is enclosed (sarcolennma), The sarcolemma 
can be seen best at points where the fibers have been broken and slightly 
tvisted, Nate the large, oval nuclei which are located at the periphery 
of the fiber, and which can be observed to lie immediately beneath the 
sarcolemma. Note the small masses of granular protoplasm in’ which 
the nuclei are embedded: 

With the high power examine a longitudinal section of striated 
muscle stained with Heidenhain’s iron-hematoxylin to bring out the 
crogs striations, Note: the alternating light (isotropic) and dark (aniso- 
tropic) bands; the clark line which passes through the middle of the light 
band (Krause’s membrane), 

For a complete picture of the lines by which the fibers of striated muscle are 
crossed, preparations of the wing muscles of insects should be examined. In thee 


Hensen’y dise (1) ancl Tensen’s line (M) can also be observed, 
Draw: showing the appearance of striated muscle in longitudinal section. 


With the high power examine a cross section of striated imusele. 
Note: the connective tissue septa (perimysium) by which the fiber 
bundles are surrounded; the connective tissue fibers which extend from 
the perimysium beuveen the fibers in che bundles (encomysium); the 
individual fibers, cach of which is surrounded by a delicate membrane 
(showing as a dark Jine) Ne sarcolemma; the cut ends of the sarcostyles, 
each of which represents an area of GCohnheim; the narrow, light spaces 
between the Gobnheim's areas which indicate the distribution of the 
sarcoplasm in the fiber, Observe the position of the nuclei, which lic 
directly beneath the sarcolemma, Note if any of the nuclei lie more 
deeply in the substance of the fiber, What type of fiber does this indicate? 


Draw several of the fibers, observing their arrangement, as wall as the arrange: 
ment ol the component parts of the fiber, as seen in the section, 





With a low power examine a section of injected striated muscle. 
Note: the larger’ vessels which lie in the septa between the muscle 
bundles; the smaller vessels which end in capillaries; observe the man- 
ner in which the capillaries extend lengthwise along the muscle fibers; 
the shorter capillary branches which pass around. the fibers from one of 
the longer capillaries to another. 
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CARDIAG MUSCLE, Examine a section of cardiac muscle stained 
with Heidenhain’s hematoxylin, Using the high power observe a por- 
tion of the section in which the fibers are cut longitudinally. Notes the 
form and arrangement of the fibers: their manner of branching, ol- 
lowing the branches to their union (anastomoses) with other branches, 
or with other fibers, This indicates the syneytial character ol cardiac 
muscle. Note the faintly marked longitudinal striations, due to the 
presence of myofibrillae; the cross striations similar to those observed 
in striated muscle. Note the diflerence in the distinctness with which 
the cioss striations appear in the two types of muscle, Observe the 
sharply defined, dark bands which cross the fibers at irregular intervals 
(intercalated discs). Observe discs which extend partly, and others which 
extend entircly, across the fiber: also discs which form a series of steps 
as they cross the fiber. : 


Draw showing the characterisdics of cardiac muscle ay observed, 


With the high power examine a few fibers of cardiac muscle which 
have been cut transveisely, Note: the arrangement of the fibers in incom- 
plete bundles; the septa ol connective tissue between the bundles 
(interstitial connective tissue); the position of the nucleus in the central 
portion ol the fiber, observing the granular protoplasm by which it is 
surrounded; the arrangement of the sarcostyles in rows, which extend 
from the periphery coward the center of (he fiber, noting (heit arrange 
ment, which resembles the spokes of a wheel, The spaces between the 
rows of sarcostyles, between the ends of the sarcostyles and the area 
surrounding the nucleus, are occupied by sarcoplasm, Note the ex- 
tremely delicate sheath with which the fibers are enveloped, 


Diaw several of the fibers, showing their structing ay observed in cross section, 


Compare the section studied with one stained with hematoxylin 
and eosin, What aspects ol the tissue appear the same in both sections? 
What structures appear in one section which are not clearly visible in 
the other? 


METILOD OF IDEN TIFIGA'TION OF MUSCLE TISSUES 

The identification of muscle should offer no particular difficulty, 
Given an unknown slide which consists of a definite arrangement of 
parallel fibers, a number of nuclei scattered throughout the tissue and 
practically no matrix, Using the low power first note the shape ol the 
fibers. If they tend to be cylindrical in shape (longitudinal section) it 
may be striated or cardiac muscle, Shilt to high power and observe the 
fibers for cross striations. If they are present it must be striated or car- 
diac muscle, Next observe the location of the nuclei. If they ave located 
lor the most part at the periphery of the fiber, it is striated muscle, If, 
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on the other hanel, the nuclei are centrally located in the fiber, itis prob. 
ably carcliac muscle, Before final diagnosis, however, the student should 
check to see if the fibers branch and if intercalated dises are present. 
Both are diagnostic of cardiac muscle. , 

Cross sections of these two types of nicle aie easily identified. 
When sectioned transversely, striated muscle fibers appear as clistinet 
fibers of fainly unilorm size. The nuclei ae located peripherally with 
few exceptions, In some fibers, areas ol Gohnheim can be identified as 
well as the cut ends of the myofibrillae, When cut (ansversely, cardiac 
muscle fibers are about the sive and shape of striated musele fibers. ‘They 
differ in having centrally located nuclei and in the arrangement of the 
myofibrillae which are not uniformly distributed throughout the saco- 
plasm but are arranged in a linear fashion from the center of the fiber 
toward the periphery, resembling the spokes of a wheel. 

Identification of smooth muscle in longitudinal section presents 
some difficulty. The individual fibers are spindle-shaped and arranged 
so closely together that it is difficult to make out either the separate 
fibers or their shape. The fibers are also narrow with centrally located 
nuclei so that the tissue has many small, faindy staining, oval nuclei in 
each section, Under high power, however, the fibers should show longi- 
tudinal striations which are due to the longitudinally directed myo- 
fibvillae. 

Cross section of smooth muscle is easily identified, When cross sec 
tioned, the diameter of the spindle-shaped fibers appeats to vary in size 
since some may be cut through the thick portion, while others are cut 
toward their tapering ends, Only the fibers af largest cliameter show 
nuclei and they are located in the center of the fiber. 


STUDY OF NERVOUS TISSUE 


NERVE GELILS, With the low power exwuine a section of a spinal 
ganglion, Observe the groups of round or oval cells which occupy the 
enlarged or ganglionic portion of the section; the nerve fibers passing 
through the ganglion; a similar group ol fibers, which are separate from 
the ganglionic part, but which are joined to the portion of the nerve 
trunk in which the other fibers are located. Are any nerve cells associ- 
ated with this group of fibers? 

The ganglion is a part of the dorsal root of the spinal nerve, its 
cells and fibers being concerned with the transmission of sensory im- 
pulses. ‘The bundle of nerve fibers which are separate Irom the gan- 
glionic portion of the section belong to the ventral root, the fibers ol 
which transmit motor impulses, 

Fxamine the section with the high power, Observe the form and 
size of different nerve cells in the ganglion: the finely granular char 
acter of their cytoplasm; their large, vesicular nuclei, each containing 


550 LABORATORY DIRECTIONS 


a fine network of chromatin and a deeply stained nucleolus; the 
flatened cells with prominent nuclei (mantle cells) which fom a sort 
of capsule investing the ganglion cells. A single process may occasionally 
be found extending from one of the cells. This process can rarely he 
followed, in sections, beyond the mantle cells, To what class do these 
cells belong? 


Draw: (a) the section as seen with the low power; (b) a number al the ganglion 
cells, showing their appearance and suuccute. 


Examine a section of the spinal cord (hematoxylin and cosin prepa- 
ration), Hold the section to the light and view it with a hand magnifier, 
Observe the general outline of the section. Note that the white sub- 
stance of the cord surrounds a somewhat darker, [L-shaped portion, the 
gray matter, The upper limbs (dorsal horns) of the gray matter are 
considerably narrower than the lower limbs (ventral horns), 

Examine the ventral horns with the low power and find a number 
of large, deeply stained cells having an irregular outline and large, 
vesicular nuclei—the motor cells of the ventral horn of the spinal cord, 
Select a few of these cells, in which the outline of the nucleus is clearly 
discernible and examine with che high power, Note the general form 
shown by the outline of the cells, Is the nucleus densely chromatic or 
vesicular? Observe the arrangement of the chromatin material in the 
nucleus. Identify the nucleolus, [s there more than one nucleolus 
present? Note the character of the cytoplasm. Is it granular? What evi- 
dence is there of processes (dendrites and axon) extending Irom the 
cyloplasm of the cell? To what class of nerve cells do these cells belong? 


Draw several of these motor cells of the ventral horn, showing their form and 
structing as you observe them in the section. 


With the high power examine a smear preparation made from the 
freshly obtained spinal cord of one of the larger animals, which has been 
stained with erythrosin and toluidin blue or by the pyridine silver 
method. Observe the general structure of the cell. The processes of 
these cells can be followed for a considerable distance Crom the cell 
body, The dendrites are to be identified by their gradually diminishing 
diameter and their method of branching: the axons by their origin from 
the granular protoplasm of the axon hillock, and their constant diam- 
eter, Do all axons arise from an axon hillock? Do you find any indica- 
tions of the presence of neurofibrillae in these cells? 


Draw several of the cells observed in the preparation, showing their structure as 
indicated above. 


Examine a section of the spinal cord stained by the reduced silver 
method (the methods of Rogers or Davenport are recommended), Note 
the presence and arrangement of the neurofibrillae, Draw, 
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Using the oil-immersion objective examine a similiur section stained 
with toluidin blue a carbolthionin, Note: the general structure ol the 
nerve cells; the large, angular masses ol deeply stained material (Nissl 
bodies) present in the cytoplasn; the rodlike form which these bodies 
assume as they extend into the dendrites. Are the Nissl bodies present 
in the axon hillock or axon? 


Draw several of the cells showing the forum and disvibution of the Nissl bodies. 


NERVE FIBERS, With the high power examine preparations ol 
nerve fibers which have been teased apart and treated with osmic acid. 
The wrinkled appearance of the fibers is due to shrinkage and should 
be disregarded, Note: the light, centval core of the fiber (axis cylinder); 
the portion on either side of the axis cylinder which is stained a deep 
black (myelin sheath); the constrictions by which the myelin sheath is 
interrupted at more or less regular intervals along the course of the 
fiber (nodes of Ranvier), Observe the difference in the diameters of the 
axis cylinders in different fibers; also variations in the thickness of the 
myelin sheath, In what fibers is the thickness of the myelin sheath 
greatest as seen in relation to the diameter of the axis cylinder? Why is 
the myelin sheath blackened by osnic acid? Is there any change in the 
diameter of the axis cylinder as it passes through the nodes of Ranvier? 
Where some of the nerve fibers are broken and uvisted, the neurilemma 
can be seen asa delicate, unstained membrane passing from one segment 
ol the broken fiber to the other, 

With the high power, examine nerve fibers which have been sec 
tioned longitudinally ancl treated with osmic acid, Follow the oudine 
Jor the general study of the section, Using the oil-immersion objective 
observe the light, obliquely directed lines in the myelin sheath (incisures 
of Schmidt-Lantermann), 

Draw: including the structures observed in one, or both, of the preparations 
studied, 


Examine with the high power, a preparation of nerve fibers sec- 
tioned longitudinally and stained with Mallory's phosphotungstic acid 
hematoxylin, Note: the axis cylinders, having the appearance of a light 
purple, ribbonlike band in the middle of each fiber; the myelin sheath, 
scen as delicate, reddish tines which form the neurokeratin network 
about the axis cylinder. The meshes of this network are filled, in the 
lresh condition, with the myelin substance. Observe the nenrilemma 
(sheath of Schwann) which is seen asa fine, blue line on the surface of 
the fiber. Here and there, the neurilemma is raised from the surface to 
provide space for the neurilemmal nuclei, which are stained a deep red. 


Draw: showing the structures observed in the section, 


Examine a cross section of a nerve trunk (preferably of the sciatic 
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nerve) with the low power, Note the appearance of the section as a 
whole, It will be seen to consist of a number of well-defined bundles ol 
nerve fibers (funiculi) bound together by loosely inter woven connective 
tissue (epineurium). The connective Lissue of the epineurium is con- 
densed about cach funiculus to form a densely compacted fibrous sheath 
(perincurium), Extensions of the perineurium into the luniculi form 
septa (endoncurium) by which the nerve fthers are separated into 
groups, Delicate fibers of the endoncurium extend between and around 
the individual nerve fibers. In some instances the funiculi are divided 
into Lwo or more parts by partitionlike extensions of the perincurium, 
What does this indicate? 


Draw: showing the appearance and structure of a nerve Wank as seen in the 
section, F 


Examine a single funiculus with the high power, Note: the loose 
arrangement of the fibers of the surrounding epineurium; the more 
compact arrangement ol the connective tissue which lorms the peri- 
neurium; the extensions of connective tissue fiom the perincurium 
into the funiculus to form the endoneurium; the endoneurial septa 
which separate the nerve fibers into groups; the more delicate exten- 
sions of the endoneurium beuween the nerve fibers. By using the oil- 
immersion objective, the lamellated structure of the perincuriun may 
be observed. 

Owing to the wavy course of the fibers in the funiculus, some of the 
fibers are cut obliquely, while others are cut Wansversely, Using the 
oil-immersion objective, examine some of the fibers which have been 
cut transversely, Note the axis cylinder appearing at the center of a 
circle, the circumference of which is outlined by the neurilenmia. 
Observe the somewhat granular appearance of the axis cylinder, What 
appear as granules are the cut ends of the neurofibrillae, The space 
between the axis cylinder and the neurilemma is occupied by the 
myclin sheath, the substance of which has been removed by the solvent 
action of the reagents employed in the preparation of the section, Are 
any Lraces of the neurokeratin Iramework visible? 

Examine a section of the spinal cord, using the oil-immersion objec- 
live. Note the numerous nuclei of the ncuroglial cells in the white and 
gray matter of the cord. Special staining methods are necessary to bring 
out all the details of structure in these cells, but much can be learned 
from a study of their nuclei as they appear in ordinary preparations of 
the central nervous system, Note that nucleoli are not present in these 
nuclei, one of the characteristics by which they can be clistinguished 
from the nuclei of nerve cells, 

Observe: large, oval and somewhat irregular nuclei, containing 
only a few scattered granules of chromatin-—nuclei of astrocytes; some- 
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what smaller nuclei, rotnd or nealy so in outline, the chromatin 
granules being larger and more mumerous than in the puclei of 
astrocytes—the nuctei of oligodendvoglial cells; nuclei which are much 
smaller and which show a greater bregularity of form than those of 
the prececting cetls, being hequently clongated and bene the chromatin 
granules being lage and abundant—nuclei of microglia cells. Note uhat 
these nuclei are considerably darker than those of the other types. 
Which type ol nucleus is most aumerous in relation to the nerve 
fibers in the white matter? Which type is most commonly seen about 
the blood vessels? Which type appears most frequently in association 
with the nerve cells in the gray matter. 


Draw a number of these nuclei showing (1) their typical appearance; (2) their 
relations with the suuctities muned above, 


NERVE ENDINGS. Meissner's corpuscles and Pacinian corpuscles 
can be readily identified in the hematoxylin and cosin stained struc: 
tures in which they occur, For the observation of end bulbs, muscle 
spindles and the endings of motor nerves, material prepared by one 
of the recluced silver methods must be used. 

Muissner's Coreuscies, With the high power, examine sections of 
the skin from the volar surlace of the tip of the finger. Meissner’s cor- 
puscles will be lound in the connective cisstie of the larger demal 
papillae, What is the shape of the corpuscle? Note: the connective Ussue 
capsule by which the corpuscle is enveloped; its striated appearance, 
due to extensions of the capsule into the corpuscles, and the horizontal 
arrangement ob the wedge-shaped (tactile plates) which they support 
In sections which have been prepared by special methods, the spiral 
course ol the nerve fibers can be followed in the corpuscle as they wind 
about between the tactile plates. A number of swellings (varicosities) 
can be seen along the course of the nerves, Branches of the nerves, 
ending between and upon the tactile plates can be made out in silver 
preparations, L’o what type of stimuli do these corpuscles react? 


Draw one or two Meissner’s corpuscles, showing their appearance as observed, 


PacINtaN Corpusctrs, With the low power, examine a section ol 
the skin {rom the palm of the hand which. includes the deeper portions 
of tie subcutaneous tissue. Find one or two Pacinian corpuscles which, 
in sections of this kind, are usually cut transversely or diagonally. 
Longitudinal sections in which the core appears are rarely scen in 
ordinary preparations, Latger Pacinian corpuscles may be found in 
secuions of the mesenteric lymph glands, their location being in the 
vicinity of the hilum. 

Alter you have found the corpuscles examine them with the high 
power, Note: the capsule which consists of a thin, external layer of 
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connective tissue; the lamellae, which appear as a series of concentric 
circles about the central core: the central core, consisting of a number 
of neurogpithelial cells on the border of a central mass of granular 
protoplasm. 4 : We 
Examine a few of the lamellae with the ofl-immension objective, 
Note that they consist of thin layers of connective tissue between which 
are fluid spaces, lined by a tissue which bears a close resemblance to 
endothelium. To what type of stimuli do the corpuscles react? 


Draw’ showing the saucture of a Pacinian corpuscle ay seen un the section, 


Asa rule, sections of end bulbs are unsatislactory for general labo- 
ratory study. The majority of the sections fail to piss through the 
entering nerves, so that only the capsule and a few of the coiled fibers 
which it contains are visible. Find bulbs may be seen in the subepithelial 
tissue in sections of the glans penis which have been stained by the 
silver method, These aie the genital corpuscles which are larger than, 
but otherwise similar to (he end bulbs ol Krause, 

Sensory Nerve Enpines in Musenn (Musani: Srinpes), These may 
be observed in cross sections of the leg muscles of ane of the lowe: 
animals. In the perimysium, note a small area encircled by a ring ol 
condensed connective tissue (capsule), in which a few, small, striated 
muscle fibers are enclosed, the structive forming a muscle spindle, 

For the manner in which the terminal hanches of the nerves end 
in relation to the muscle fibers in the spindle, a muscle spindle should 
be dissected out and separated front the sunounding muscle fihers by 
(easing the fibers apart with needles, Phe preparation is then teated 
by the Cajal or Golgi method, Note that the terminal fibers of the nerve 
end in relation to the muscle fibers in the spindle in one of tive ways: 
by winding around the fiber in a ringlike or spiral fashion (annulo- 
spiral ending), or by beaking up into a number of branching fibers 
which end in platelike expansions on the surlace of the muscle fiber, 


Draw: showing the appearance of a muscle spindle as seen in cogs section; the 
mauner in which the cermimal branches of the nerve eud in relation to tie muscle 
fibets in the spindle, 


Moror Nerve Enpincs in Srriarep Musee, Examine a prepa rile 
tion of an intercostal muscle Lrom one of the smaller animals, in which 
the course of the nerve to the muscle has heen traced by dissection; the 
fibers having been teased apart with needles and the preparation treated 
by the method of Cajal or Golgi, Note: the division of the nerve into 
its terminal branches; the small, oval plate of modified sarcoplasm (sole 
plate) in which the terminal fibers of the nerve (end arborization) end, 
‘The terminal fibers and the sole plate, together, furm a motor end plate, 

In a fiber, where the motor end plate can be seen in profile, note 
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the manner in which it forms an elevation on the stalace of the muscle 


fiber, 


Daw showing the davmion of meter nerve mite ite teminal bunches, and 
manner in which the branches end in celation to the muscle fiber. 
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ELASTIC AR CERIES—AOR TA. xiunine the wall of the aoe 
(hematoxylin and cosin preparation) with the low power. Identily the 
intima, media and adventitia, Note the relative thickness of these three 
layers. 

Examine a portion of the aortic wall with the high power, Note: the 
intima, consisting of a layer ol endothelial cells which rest on a thick 
layer ol subendothelial connective tissue beneath which is a layer of 
elastic tissue; the media, consisting ol smooth niuscle fibers arranged 
in layerlike bundles, which give it a lanellated appearance, and the 
connective tissue septa which extend between the muscle bundles; the 
clastic tissue, in the form of [enesuated membranes, which are to be 
seen as light, wavy lines in the intima and in the connective tissue 
between the muscle bundles; the adventitia, a relatively thin layer of 
fibrous tissue lying on the external surface of the media, What is the 
direction of the fibers in the intima? Identify and observe the vasa 
vasorum by means of which blood is supplied to the aortic wall. 

Examine a portion of the wall of the aorta, prepared with Verhoell's 
stain, with the high power, Note: the delicate clastic fibers in the por- 
tion of the intima just beneath the endothelitim; the fenestrated mem- 
branes in the deeper portions of the intima; the strongly developed 
fenestrated membranes between the muscle layers in the media; the 
delicate clastic fibers which pass from one lenestrated membrane to 
another (radial fibers), Gan an elastica interna be readily identified in 
the aorta? Does muscular tissue, or clastic tissue, predominate? Which 
of these tissues preclominates in the wall of a medium-sized artery? 


the 


Draw: showing the arrangement of the muscle and clastic fibers in the wall of 
the aorta, 


MUSCULAR ARTERIES~MEDIUM-SIZED ARTERIES, Ex 
amine the section of a medium-sized artery (hematoxylin and cosin 
preparation) with the low power, Note the full, open appearance of the 
artery, Identify Lhe intima, media and adventitia, 

Change to high power and examine a portion of the wall of the 
artery. Locate the intima and identify the nuclei of the cells lining the 
vessel, Can you see the cytoplasm ol these cells? What are these cells 
and what is their shape? The intermediate layer of the intima consists 
ol what kind of tissue? Is this layer relatively thick or thin, Identify the 
internal elastic membrane. Can you find an area where this membiane 
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splits to form a double membrane? In the smaller museulu arteries 
what changes, if any, take place in the appearance ol these thiee layers? 

Examine the media, How does the thickness ol (his layer compare 
with the thickness of the intima? Compare the relative thickness of the 
media of a muscular artery with that of an elastic atery. How are the 
muscle fibers of this layer arranged? Ta one of the larger muscular 
arteries observe the clastic fibers which appear as highly rehactive, 
wavy lines, Gan you make out any definite mangement of these elastic 
fibers? Compare (heir arrangement in this artery with one of the smaller 
muscular arteries, Is there any connective tissue present between the 
muscle bundles? If so, what is its relation to the elastic fibers? 

Locate the adventitia and compare the thickness of this layer with 
that of the media. This layer is made up ol what kind of tissue? Can you 
verify the statement in the text that the inner fibers of this Jayer are 
directed longitudinally? How does the outer layer of the adventitia 
differ from this, both in arrangement and compactness? Can you iden- 
lily any smooth muscle fibers in the adventitia? 

With the high power, examine a section of a large and a sniall 
muscular artery stained with Verhol’s clastic tissue stain, Observe the 
amount and distribution of the elastic fibers in the three ayers of these 
two muscular arteries, Compare them with the aor. 

ARTERIOLES, Examine a “typical” arteriole and note the relative 
thickness of the layeis, Examine cach layer, following the procedine 
given lor muscular arteries, 

VEINS. With the low power examine a section of a large vein 
stained with hematoxylin and cosin, Note the more or less collapsed 
condition of the vein which is duc to the relative thinness of its wall, 
Identify the intima, media, and adventitial layers. 

With the high power examine a portion of the wall of this vessel. 
Notice the relative thickness ol the three layers. Gompare the veins, 
layer for Jayer, with an artery of comparable size, Gan you distinguish 
a well-defined internal elastic membrane in the vein? Is there any 
change in the relative amounts of muscle, or collagenous and elastic 
fibers in veins as compared to arteries of approximately the same size? 

Examine a section of a vein stained with Verhoefl’s clastic stain, 
Compare the amount and distribution of the elastic tissue in the wall of 
the veins with that in the wall of the artery, 

MEDIUM-SIZED VEINS. Notice the thickness of the intima, Is 
there an internal elastic membrane? Is it well-developed? Observe the 
relative thickness of the media. Ifow ave the muscle fibers arranged in 
this layer? Examine the adventitia, How does this layer compare in 
thickness with the media? Notice that the adventitia is composed ol 
loosely interwoven collagenous fibers. Can you identify any smooth 
muscle fibers in the adventitia? 
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VENULES, Examine a medium-sized venule with low and then 
high power. Is there an internal elastic menibrane present? Note the 
thickness of the media, Tlow ae the muscle fibers of the media ar- 
ranged? Observe the adventitia, Is ita relatively thick ov thin layer? 

How are the fibers of the adventitia arranged? Are there any clastic 
fibers present in this layer? 

Diaw: Make diawmgs of murow wedge shaped sections Uieugh the virions, 
vessels studied. Keep the relative thickness of the hiyers in correct propar tion: se 
that they may be compared and their dillerences seen. 

VALVES OF VEINS. Examine a longitudinal section of a vein 
showing a valve. Note the way the valves are attached to the wall of 
the vein and how they are directed, Do all veins have valves? What 
layer, or layers, of the vein contribute Lo the formation of the valve? 
Are there elastic fibers present in the connective tissue of the valve? 
Is it distributed evenly throughout the connective tissue or is it more 
compactly aranged on one side of the valve than on the other? If so, 
on which side? 

TUE TIMEART. Examine the heart of an animal which has been 
dissected to show its internal structure, Observe the thinness of the 
walls of the atria; the openings through which the large vessels (venue 
cavae and coronary sinus) communicate with the right atrium; the open- 
ings of the pulmonary veins into the left atrium; the atrioventricular 
openings through which blood passes from the atria into the ventricles; 
the atriovenuicular valves arranged about these openings, The valve 
on the right side of the heart consists of three flaps, that ou the left 
side, of two flaps. Note the chorda tendineae by means of which the 
borders of the flaps are attached (o the papillary muscles: the ridgelike 
columns of muscle Cisse (columnae carnac) on the inner walls ol the 
ventricles, Identily the pulmonary artery which leads from the right 
ventiicle, and the aorta which leads [rom the left ventricle, noting the 
semilunar valves formed by three pocketlike cusps, located at the root 
ol cach ol these vessels, Observe the thin, glistening membrane (endo- 
cardium) which Jorms the lining of the heart; also the fibrous layer 
(epicardium) which lies on the external surface, ; 

Examine with the low power a section which includes the entire 
Uhickness of the venuwicular wall of the heart. Use the high power 
whenever necessary for verifying details of structure, Note: that the 
epicardium consists of a Jayer of thin, Rattened cells with bulging nuclei 
(mesothelium); the thin substratuin of connective tissue on which the 
mesothelial layer rests. ‘Phe mesothelium and its subjacent connective 
tissue, are the visceral portion ol the pericardium, which is reflected 
gnto the surlace of the hemt, Lt can be seen best where it has been 
yaised slightly Jrom the underlying tissue, Note that the epicardium in- 
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creases in thickness as il passes over the places where blood vessels are 
located, 

The muscular layer or myocardium consists of rardiac fibers ar. 
ranged in partially formed bundles, The irregular disposition of these 
bundles is indicatedt by the directions in which the fibers are cut (longi- 
tudinal, oblique and transverse). Observe the manner in which the 
muscle bundles are partially separated by thin septa of connective tissue, 
which form the endomysium, 

The endocardium consists of a layer of flattened endothelial cells, 
which rest on a thin layer of connective tissue. By following the septa 
ol. the endomysium, it will be noted that the connective tissue which 
forms the framework of the heart, is continuous from the epicardium to 
the endocardium, 


Draw, showing the suucture of the heart wall, 


Tum Hrarr VALS, f1Us ATRIOVENTRICULAR VALVE, Examine a lon- 
gitudinal section of the valve with the low power. Note: the portion of 
the myocardium to which the valve is attached; a mass of fibrous tissue, 
so compact that it has almost the appearance ol cartilage, can be seen 
at the root of the valve (annulus fibrosus); he endothelial layer which 
covers both the atrial and ventricular surfaces of the valve; the closely 
interwoven collagenous and clastic fibers, between the folds of the cn- 
dothelium, by which the valve is supported. Note that the connective 
tissue between the folds is continued into the valve from the annulus. 
Small bundles of cardiac fibers extend from the myocardium into the 
root of the valve. Where the section passes through Ute chorda 
tendineae, they will be scen to consist of collagenous and elastic fibers 
surrounded by endothelium, both being extensions of the tissues of the 
valves, 

THE SEMILUNAR VALVES, Examine a longitudinal section of a valve 
with the low power, Note that its structure is nearly similar to that ol 
an atiioventricular valve, in that it consists ol lwo opposed layers ol 
endothelium supported by a compact mass of fibroelastic tissue, A small 
amount of snaoth muscle may be seen at Uie root of the valve, What 
is the direction of these muscle fibers? This probably acts as a sphincter 
to aidl in rendering the valve more tense, Note that the wall of the aorta 
(or pulmonary artery) is adjacent to the valve. In sections which pass 
through the mid-portion of the valye, a considerable accutnulation ol 
connective tissue is Lo be observed at its free border, This tissue ts 
densely compacted, and forms the enlargement known as the nodule 
of Arantius, 

ATRIOVENTRICULAR BUNDLE OF His (Inrputse-Gonpucring SysrEat), 
Examine, with the high power, a longitudinal section of the Bundle of 
His. Material lov this study is most readily obtained from the heart of 
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a young calf, Observe a narrow area on the border of the section whieh 
stands out distinctly from the myocardium, Note, in this pordon af die 
section, a number of lightly stained muscle fibets, conspicuously larger 
than the fibers of the myocaidinm; theiy very faint cross stiiations; 
numerous small nuclei, observing their tendency to present a double 
appearance and that they are more superficially placed than the nuclei 
of the myocardial fibers. Note, also, the dark bands which cross the 
fibers at more or less regular intervals, giving them the appearance ol 
being divided into short, thick segments. Observe the cannective dissue 
sheath by which the neuromuscular fibers are enclosed and which 
separates the Bundle of Tis fram the myocardium, "The muscle fibers 
in the Bundle are separated by connective tissue septa which are con 
tinuous with the sheath, Note the bundles of nerve fibers in the septa, 

Examine, as above, a transvease section of the Bundle of His, Note: 
the clearly defined sheath by which each fiber in the Bundle is en- 
closed; the myofibrillac, gathered into frregular groups about the 
periphery of the fiber; the clear sarcoplasm with which the fibers are 
filled, The nuclei, which are more superficially Jocated than in the 
myocardial fibers, are embedded in the sarcoplasm, Note the disposition 
of the connective Lissue between the neuromuscular fibers in which 
bundles of nerve fibers are to be observed as in the longitudinal section. 


Draw: showing the suuctine of the Bundle of Hb as observed in longiidinal 
section; as observed in crass secuion. 


THE LYMPH VESSELS. Lymph vessels may be observed in sec 
tions from the mesentery in which blood vessels and a lymph gland are 
present. 

Find one or more lymph vessels and examine with the high power. 
Note: the layer of endothelium by which the vessel is lined. The cells 
forming this layer will he identified, principally, by their bulging 
nuclei, Observe that the endothelium fies immediately on the muscula 
layer. Note the thin layer of circularly arranged smooth muscle fibers, 
the media, A Jayer of obliquely directed muscle fibers is to be observed 
external to the layer of circular muscle fibers. Valves are to be seen in 
some ol the vessels, their structure being similar to the valves described 
lor the veins, ‘he adventitia is formed by an external coat of con- 
nective tissue, Compare the coats in the wall of a lymph vessel with 
those in the wall of a blood vessel. 

Tux Troracia Ducr, Examine a section of the thoracic duct, first 
with the low power Lor its general appearance, then with the high power 
for details of structure, 

Note: the intima, consisting of endothelial cells and a subendo- 
thelial layer ol! collagenous and clastic fibers, The arrangement of the 
elastic fibers at the Junction ofthe intima and media, suggest an clastica 
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interna. Observe the arrangement ol the smooth muscles in the media, 
In the lower portion of the duct the inner layer ol muscles is cirected 
longitudinally, the fibers of the outer layer are directed obliquely, In 
the higher levels the longitudinal fibers disappear and the inner layer 
of oblique fibers becomes citcularly arranged. Obliquely directed bun. 
dies of muscle fibers are also present in the advendidia. Note that che 
muscle bundles are somewhat widely separated by connective lisste 
septa, a characteristic !eature of the thoracic duct, 

Draw: one or uve lymph vessels trom a section of the mesentery, meluding a 
study of the valves; a section of the thoracic duct. 


STUDY OF THE LYMPTIOID ORGANS 


‘Kur Lymer GLanp 


Examine a section ol a lymph gland with the low power, Observe 
the capsule which consists of closely interwoven collagenous and clastic 
fibers; also the uabeculae which are to be identified as extensions of the 
connective tissue ol the capsule into the parenchyma of the gland, What 
dhection do the trabeculae take in relation to the capsule? Are the 
trabeculae solid and continuous? Compare with the trabeculae in che 
spleen. Note the two areas into which the parenchyma is divided: the 
cortex, which is the peripheral area in which the lymphocytes are apaic- 
gated in the form of nodules surrounded by diffuse lymphoid tissue; the 
medulla, the area partially enclosed by the cortex in which the lymphoid 
tissue is in the form of branching and anastomosing cords. Observe the 
nodules in the cortex. Do all of the nodules show germinal centers? 
ITow can you account Lor this? Note that the areas between the nodules 
are filled with diffuse lymphoid Uissue and then observe how this diffuse 
lisse extends into the medulla to form the cords. Note that these cords 
branch, the branches anastomosing with other cords or branches to 
enclose spaces between them which are free, or nearly tree, from 
lymphocytes. What are these spaces called? 

Identify the peripheral sinus between the cortex and the capsule 
Follow the spaces on both sides ol the trabectilae, ‘hese are lymph 
channels (sinuses) which continue from the peripheral sinus into the 
substance of the gland. Can you find any communications between these 
sinuses and the lymph spaces in the medulla? ‘Mry to locate afferent 
lymph vessels that are pencuating the capsule (o communicate with 
the peripheral sinus. What is the course of the lymph through a lymph 
gland. Note the large blood vessels in the region of the hilum; the 
blood vessels in the trabeculae and capsule; the arteries in relation to 
the lymph nodules, What does this observation reveal regarding the 
blood supply of a lymph gland? Make a diagram to represent the course 
of the lymph and its relation to the blood vascular circulation, 
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‘xamine the following with the high power: the germinal center 
of a lymph nodule. Identify the small, mediumesized and luge lympho. 
cytes. In what parcal the nodule ae small lymphocytes most abundant? 
In what cells are mitotic figures (o be observed? What does this indicate 
regaiding the function of the germinal conlerse Identtly the macro 
phages (the lymphoblasts of some authors) which ae iregubuly shaped 
cells, somewhat knger than the lage lymphacytes. Observe their 
basophilic cytoplasm and lage vesicular nuclei, 

In the lymph spaces in the medulla note that these spaces are not 
separated from the lymphoid tissue by a layer of endothelium and there- 
fore are not to be regarded as true vascular spaces. Portions of the 
reticulum can be seen in these spaces, the meshes being exceptionally 
wide. How does this explain the fact that the spaces are free hom 
lymphocytes? Reticulacytes can be identified in these spaces by uieir al- 
tachment to the reticulum, What other types of cells can be observed? 

Observe the delicate fibers which extend across the sinuses from the 
capsule and trabeculae to the parenchyma. What does this indicate re- 
garding the relation of these suuctures to the reticular Lamework al a 
lymph gland? How is this observation supported by a stucly of the sec- 
tion of a lymph gland lrom which the lymphocytes have been removed 
(see study of reticular connective tissuc)? What kinds of cells are to be 
observed in, the sinuses? Are other types of cells to be found in lymphoid 
tissue? How is their presence to be explained? 

For a more accumate detenmination of the types of cclls to be found jv a lymph 
gland, thin sections stained with Wright's, Gientsa’s, or the azarecosin hematosytin 
stains should be studied with the oi-immersion objective, 

Draw: (1) the germinal center of a lymph nadule; (2) one of the huger lymph 
spaces in the medulla; (8) a portion of the peripheral sinus, 


Ti Uraonyaten GLanp 

Examine a section of a hemolymph gland with the low power, using 
the high power for verifying details. Note: the close resemblance ol a 
hemolymph gland to a lymph gland; the irregular distribution of the 
lymphoid tissue in the cortex. Observe the presence of nodules. Are 
they provided with germinal centers? Note the branching and anasto- 
mosing cords of lymphoid. tissue in the medulla; also the large, sinus 
like spaces between the cords, he peripheral sinus, and the spaces 
between the cords in the medulla, are filled. with ved corpuscles, Record 
the ways in which hemolymph glands difler Jrom lymph glands. 


Tn Spreen J 
Examine a section of the spleen with the low power, Observe the 
capsule, What kinds of tissue form the capsule? Which type of tissue 
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predominates? What is its distribution? Observe the trabeculae. Tow 
do they differ from the tabeculae studied in the lymph node, Identify 
the network of reticular Hbers. Note the meshlike arrangement of these 
fibers. What cells are caught and beld in these meshes? Examine a 
splenic nodule (Malpighian cm puscle) which consists of nodular masses 
of lymphoid tissue which have been lormed about the branches of the 
splenic artery. One and sometimes two branches of the central artery 
can be seen in cach nodule. Note the position of the cenual artery in 
the splenic nodule, Observe the cordlike arrangement of the cells of the 
splenic pulp between the sinusoids, Is it possible to identify the cells 
forming the wails of the sinusoids? 

For the identification of the different types of cells use a thin section 
of spleen that has been stained with one of the blood stains mentioned 
in the study ol the lymph gland. 

Using the oil-immersion objective identify the following types of 
cells which are nommally present in splenic pulp: red blood corpuscles, 
usually che most abundant of the cellular elements of the pulp; lympho- 
cytes, found most abundantly in and around the splenic nodules (their 
number in the red pulp is relatively small); monocytes, cells resembling 
lymphocytes but considerably larger. ‘These cells occur in large num- 
bers and, except lor the red corpuscles, are the most abundant of the 
cellular elements of the pulp. In the older literature they were called 
splenic cells ov splenocytes, and were regarded as being peculiar to the 
spleen, Find cells ol this type which have Gagments of ingested red 
coi puscles in their cytoplasm, Note, also, the different lorms of granulo- 
cytes which have entered the spleen in the blood stream, 

BLOOD SUPPLY OF THE SPLEEN, Examine a section of an 
injected spleen with the low power, Note: the large vessels in the region 
ol the hilum—branches of the splenic artery. Trace these branches as 
they pass into the trabeculae to become the trabecular arteries. Identify 
the central arteries in the splenic nodules, Observe the brushlike pencil: 
lus in the red pulp, What are the three successive divisions of the 
pencillus? Can you identify these subdivisions? 

The injected material, like the blood, passes from the sinusoidal 
capillaries into the pulp and has the appeararice ol being diffused 
through the substance of the spleen. The partion of the spleen, which 
has been colored in this manner indicates the red pulp, In contrast to 
this area, the splenic nodules appear an almost clear white and show as 
the white pulp. 


‘Tun Tiymus 


Examine a section of the thymus with the low power. Observe the 
division ol the gland into Jobules. Note that there is a confluence of the 
lighter, medullary portion of several of the subdivisions or primary 
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lobules, to form a larger division, or secondary lobule, Note, also, that 
the subdivisions of the gland are incomplete. Ixamine the capsule 
formed by an external layer ol filroclastic issue, ¥ollow the septa 
as they extend from the capsule beuveen the subdivisions of the gland, 
thus forming the boundaries of the lobules, Observe the cortex, the 
dark peripheral area containing numerous, closely packed, small cells 
(thymocytes) which give the cortex the appearance of lymphoid tissne. 
Observe the medulla which is seen as much lighter areas enclased by 
the cortex. Note that the medullary portions of the lobules ave joined 
together; the lobules being separated by connective Cisse extensions 
of the capsules between their cortical portions, Identify the thymic 
corpuscles (I fassall’s corpuscles), which are highly velractive bodies with 
a marked acidophilic reaction, their cellular elements having a con- 
centric arrangement. Gan thymic corpuscles he found in the cortex? 


Diaw: showing the suuctural appearance of the chyuius as seen in the section. 


Examine a single lobule under high power, Observe the closely 
packed thymocytes in the cortex, noting their close resemblance to 
lymphocytes. Locate and observe the blood vessels in the connective 
tissue between the lobules. Note the stellate form of the cells of the 
reticulum which consitates the supporting structure ol the gland. 
Identify the thymic corpuscles, noting that they consist of a central cell, 
or amorphous mass of hyaline material, surrounded by one or more 
layers (according to the size of the corpuscle) of enlarged, concentrically 
arranged cells. 


Draw: (1) A part of a lobule showing its structural details, 2) One or uvo 
corpuscles, enlarged, showing their stractine and chuacteristic appearance. 


Tit Tonsins 
"THE PALATINE ‘TONSIL 

Examine a section of a palatine tonsil with the low power. What 
type of epithelium covers the superficial suface of this tonsil? Follow 
the epithelium into the crypts. Does the type of epithelium change in 
the crypts? Observe the numerous nodules with large germinal centers 
beneath the epithelium and about the crypts; the diffuse lymphoid 
tissue by which the nodules are surrounded, Locate areas where the 
masses of lymphocytes have invaded the epithelium on the surface of 
the tonsil and in the crypts, Note that the cells of the epithelial tissue 
are hidden because of ue large number of these invading lymphocytes. 
Cant lymphocytes be identified on the surlace of the tonsil? Are any 
present in the crypts? 

Ideutily the capsule of the tonsil, This capstile is composed of what 
Kinds of tissue? Are there any Wabeculae present in this Lonsillar tissue? 
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Tf present compare them with the trabeculae in the lymph gland and 
spleen. Is there a peripheral sinus? Identily the mucous secreting glands 
which lie in the connective tisstic outside the capsule, Wherever possible 
lollow the ducts of these glands to their junction with the deep portions 
of the crypts, Tdentily the muscular tissue which is located subjacent to 
the tonsil, What type of muscle tissue is it? 


TITE PHARYNGEAL LONSI. 

Examine the section with the low power, noting that the tonsil con- 
sists of a single row of relatively small lymph nodtwes surrounded by 
diffuse lymphoid tissue. If the tissue is in the hypertrophied (adenoid) 
condition, the number of the nodules will be increased and they may 
be arranged in two or more superimposed layers, Note the type of 
epithelium by which the tonsil is covered, Normally the epithelium is 
of what type? Under certain conditions this epithelium may he re- 
placed by what other type ol epithelium? Verify the statement chat in 
such abnormal conditions the original epithelium still persists in the 
crypts. Note the thin layer of connective tissue which is interposed 
between the lymphoid tissue of the tonsil and the bone. 


THE LINGUAL VONSHL 

Examine a section of a lingual tonsil with the low power, Note: the 
type of epithelitun which lies upon the surface of the tonsil; the tonsillar 
crypts, about which tho nodules are clustered, The nodules in. the 
lingual Lonsil are characterized by their large size and by the constancy 
of their germinal centers, Observe the dense arrangement of collagenous 
and elastic fibers about the deep surface of the tonsil. This does not 
lorm a true capsule, although it is so considered by some, Mucus. 
secreting glands can be seen in the surrounding tissue; their ducts should 
be traced .to the crypts, into which they open, Gan any mucoid material 
be seen in the crypts? 


‘TIME TUBAL TONSIL 
With the low power examine a section which includes the opening 
of the Eustachian tube into the pharynx. Note the masses of diffuse 
lymphoid tissue clustered about the opening of the tube, Are any 
nodules present? ‘These masses of lymphoid tissue are continuous with 
the pharyngeal tonsils. Owing to their position about the Eustachian 
tube, they are sometimes called the tubal tonsils. 


WALDEYER'S PHARYNGEAL RING 
The phagocytic cells produced by the activity of the tonsils, exist 
for the removal of organisms and particulate matter which lodge on 
the mucous membranes of the fances, the oral cavity and the upper 
respiratory passages, Therefore, the tonsils are to be regarded as im- 
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portant protective struclii es. ‘This is also indicated hy their anange- 
ment, which forms an incomplete ring about the respiratory dnd oval 
openings. This ring consists of the pharyngeal tonsils above, the palatine 
tonsils on either side, and che lingual tonsil below, and is known ats the 
pharyngeal lymphoid ring of Waldeyer, 
BLOOD AND NERVE SUPPLY OF JIE LONSIES 

The vessels which supply the tonsils with blood, enter the capsular 
Lissue [rom below and att various points on the sides. These vessels pins 
into the tonsil and into the Habecular tissue, which they leave to enter 
the nodules in the manner already described lor the lymph glands and 
splecn. 

The nerves are branches from the sypathetic system, and are dis. 
tributed to the walls of the blood vessels. Some sensory fibers are abso 


presen ( 


METHOD OF IDENTIFICATION OF 
LYMPIOLD ORGANS 

Given an unknown section Jor identification. Hf the tissue is pre- 
dominately lymphoid tissue it is undoubtedly one of the lymphoid 
organs. Chis limits che material to one of the following: lymph gland, 
spleen, tonsils or thymus, 

Examine the periphery of the section quickly with low power to 
sce if any surface is covered by an epithelium. If any epithelium is 
present it must be one of the tonsils, Identily the epithelium in the 
bases of the crypts. [1 it is a pseudostiatified colummar it is pharyngeal 
tonsil (Note: Do not depend on the type of epithelium at the surface 
lor this identificalion, because under certain conditions, mentioned in 
the text, (he pseucostratified epithelium in this mare exposed region 
can become stratified squamous type). 

M1 the epithelium in the base of the crypts is stratified squamous it is 
either palatine or lingual tonsil, Observe the capsule, If it is a thick, 
well-defined layer, it is probably palatine tonsil. However, check the 
crypts and distribution of the lymph nodules, In palatine tonsils the 
crypts are longer and the lyinph nodes are numerous and are located 
both beneath the surface epithelinm and about the crypts. In Jingual 
tonsil the crypts are pitlike invaginations and the nodules are clustered 
about the crypts only, 

Tf there is no epithelium present, the section is: lymph gland, spleen 
or thymus. Next examine the section to see if it appears lobulated, If 
it is, it probably is thymus, Check for the lollowing: poorly defined 
capsule with sépta extending between the lobules; an outer, relatively 
event thickness of inore deeply staining tissuc around each lobule, en- 
closing a lightly staining central portion. "Lhe presence of Hassall’s 
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corpuscles in the medulla. If there is no indication of lobulation it is 
undoubtedly lymph gland or spleen. 

Positive identification of lymph gland depends on the following: 
definile connective tissue capsule; peripheral sinus: cortex and medulla; 
lymph nodules with germinal centers in cortex, 

Positive identification of spleen may he made if section shows: arcas 
of red and white pulp; lymph nodules with central artery; discontinu- 
ous trabeculae in parenchyma of organ, 


STUDY OF TUR DIGESTIVE SYSTEM 


Tur Low 

Hold a section of the lip to the light and examine with a hand 
magnifier. Observe the following: the outer or culancous surlace which 
may be recognized by the presence of hair follicles and other structures 
characteristic of the skin; the inner or oral surlace whieh may he dis- 
tinguished by the thickness of its epithelium and the presence of labial 
glands; the border, noting the increasing thickness of the epithelium 
as it passes from the cutaneous Lo the mucous surlace; bundles of wans- 
versely cut striated muscle in the middle of the section. 

examine the section with the low power observing: 

THE CUTANEOUS SURFACE, Note: the thin layer of stratified 
squamous epithelium (cpidcumis); the layer of dense arcolar tissue or 
corium on which the epithelium resis (derma); the low, connective 
lissuc papillae extending into the deep surface of the epithelium. 
Identify the hair follicles—tubwar invaginations of the epithelium— 
noting the depth to which they extend into the corium, Observe the 
sebaceous glands. What is their shape? Do these glands have a lumen? 
Do they have ducts? ITow do they secrete? Where does this secretion 
empty? Identify the sweat glands, They are long, slender, tubular 
glands, the coiled secreting portions of which are located in the deeper 
portions of the corium. Segments of the ducts of these glands may be 
found in the corium hetween the hair follicles The coiled portions of 
some of the sweat glands may also be found in the loose subcutancous 
tissue. ‘ 

THE BORDER. What change takes place in the epithelium as it 
passes from the cutancous surlace to the mucous surface of the border? 
If the séction is through the lip of an infant, identify the sucking disc, 
On what part of the lip is it located? In what respects docs the epithe- 
lium of the sticking disc differ (rom that of the other portions of the tip? 

THE ORAL SURFACE, Note the type of epithelium by which 
this surface is covered. How does it compare in respect to thickness 
with that on the cutaneous surface? Observe the loose arrangement 
of the submucous connective tissue and the labial glands which are 
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embedded in it. If possible find ducts from these glands which open to 
the surface of the epithelium, Are any traces ol a mucoid substance 
to be seen in the ducts? [Low are these glands to be identified as mucus 
secreting structures, What evidence may be observed that the mucous 
membrane is more sensitive than the integument? 

THE MUSCULAR STRUCTURES IN THE LIP, Note the 
bundles of suiated muscle fibers which are located beaween the sub- 
cutaneous and submucous tissues, Tow ave the fibers cut in the section? 
Ilow ae they to be recognized as suiiated fibers? To what muscle do 
they belong? Note the septa of connective tissue by which the musele 
bundles are separated, observing that they extend from the submucous 
to the subcutaneous Ussues. Identify the branches of the labial artery 
which appear in the section. 

Diaw the secuon al the lip showing the histological elements of which it is com- 
posed. 

Tur Toorn 

THE ADULT TOO'TEL Examine a ground section of a tooth 
with the low power, using the Ligher powers to verily details of struc: 
ture, Observe: the general form ol the tooth, noting that this form is 
maintained by the dentine upon which are laid down the enamel in 
the crown and the cementum in the root, Identily the pulp cavity, in 
which remains of the odontoblasts and dental pulp may be seen. Ex 
anine the root canal, which may be laced from the pulp cavity to 
the apical foramen at the tip of the root, What does it contain? Locate, 
and with the high power observe the cnamel rods, noting their arrange: 
ment in bundles and the different planes in which the bundles tie 
Identily the lines of Retzius, They are dark lines which cross the rods 
transversely and indicate successive periods in the growth of the enamel. 
Identify the dentinal cubules: fine, dark, S-shaped lines which pass 
through the dentine from (he pulp cavity to the dentoenamel junction. 
Note the manner in which they branch in the dentine immediately be- 
neath the enamel layer, Locate the granular avea of Tomes, the area 
inmediately beneath the cementum which may be recognized by the 
granular appearance ol the dentine and the presence of numerous, tcp 
ular, dark areas, indicating spaces in the dentine, Observe the ce 
mentum, the external layer, resembling the structure of bone in its 
general appearance. Note its lamellae and the presence of lacunae and 
canaliculi, Does it have Haversian systems? 


Draw: showing the structural appearance of a ground section of a toouh, 

RELATION OF THE TOOTH TO THE ALVEOLUS. With 
the low power examine a section which includes a fully developed 
tooth and the adjacent portions of the jaw. Before the section can be cut 
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the process of decalcifying the bone Irequently results in the distortion 
of the softer tissue, hence sections of this kind are more uselul for the 
study ol relationships chan for histological detail. 

Observe: the alveolus or pitlike excavation in ‘the bone which is 
occupied by the root of the tooth: the oral epithelium which, together 
with the substratum of connective tissue on which it rests, forms the 
gum (gingiva), Note that the epithelium dips downward before coming 
in contact with the sides of the tooth, forming a furraw between the 
gum and the surface of the Looth, What is this furnow called? Tdentily 
the crown, which is that portion of the tooth which rises above the 
level of the gum; the root, which occupies the alveolus; the neck or the 
slightly constricted portion at the point where the cementum and 
enamel meet, indicating the junction of the root and crown; the peri- 
odontal membrane, formed by the connective tissue which occupies the 
space between the root and the alveolar wall; the pulp cavity, noting 
the odontoblasts which line the wall of the cavity, and the dental pulp 
by which it is filled; the root canal, extending from the pulp cavity to 
the apical foramen at the apex or tip of the root, Look for evidences 
ot blood vessels passing through the root canal to the pulp cavity and 
to the periodontal membrane, Can you distinguish the fibrous bundles 
(dental ligaments) which extend across the periodontal membrane {rom 
the cementum to the bone olf the alvcolar wall. Beneath the alveolus 
observe the mandibular (dental) canal in the boue of the jaw, which 
contains the dental nerves and vessels. 


Draw: showing the relation of the tooth to the structure of the jaw. 


DEVELOPMENT OF THE ‘TOOTEL Tue Lanobrnran Taanan, 
Examine a lrontal section through the head of a [2-14 mm, pig 
embryo with a hand magnifier. Observe: the median nasal septum 
which divides the nasal cavity into two lateral chambers, the nasal 
lossag; the tongue, projecting upward into the oronasal cavity from the 
mid-portion of the mandible; the lateral palatine processes, extending 
downward on éither side of the tongue. 

Examine the section with the low power, observing the thickening 
of the epithelium over the region of the jaw on cither side of the Longue, 
Note the superficial cells of the ridge (dental ledge) and the more deeply 
stained cells of the basal layer, the stratum germinativum. Examine the 
two points where the cells of the stratum germinativum are growing 
downward into the subepithelial tissue. ‘The medial downgrowth is the 
dental lamina, the lateral downgrowth is the labial lamina. A cepres- 
sion or furrow which appears above the labial lamina, the labiodental 
furrow, will deepen to lorm the separation between the lip, or cheek, 
and the jaw. Identify the large oval sections of (he cartilaginous bars, 
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Meckel’s caitilages, which support the jaw of the embrye. “These eat= 
tilages lic close Lo one another in sections though the anterior portion 
of the jaw and are more widely separated in sections through the morc 
posterior portions. Note the plates and bars of hone which form the 
beginning of the bony structure of the jw. What is the position ob this 
newly lormed bone in relation (0 Meckel’s cai tilages? 

Draw: showing the ubiodental ledge, the dental lamina, the labial kin and 
their relation to the other stiictues of the jaw. 

"Tun Toout Gira. Examine a section through the head of a45 mm, 
pig embryo, using the low power, Observe: the dental lamina, extend. 
ing from the thickened oral epithelium into the subepithelial dssue; the 
enamel organ, formed by the growth and expansion of the cells on the 
border of the dental lamina: the moundlike aggregation of mesenchy- 
mal tissue, the dental papilla, on which the enamel organ rests: the 
position of the cartilaginous plates—Meckel's cartilages: the plates and 
trabeculae of developing bone which outline the bony structure of the 
jaw. Compare the developing bone in the section with that ohserved 
in the study of intramembranous bone formation (see p, 535), What is 
the relation of the bone to Meckel's cartilages? What is the relation to 
the tooth germ? 

Draw: showing the appearauce, and relations, of the structures observed In the 
section. 

Examine the tooth germ (enamel organ and dental papilla) with ue 
high power, Observer the cnamel organ, a bell-shaped structure con: 
sisting of an outer layer of cuboidal cells, the outer enamel cells, ane an 
inner layer ol columnar cells, the inner cnamel cells, Between the outer 
and inner enamel cells are the stellate cells with branched processes, 
which, together with the (uid occupying the intercellular spaces, con- 
stitute the enamel ptlp, Examine the dental papilla, formed by a con- 
densation of the mesenchyntal tissue immediately beneath the inner 
enamel cells. Identify the dental capsule (tooth sac), an extension of 
the condensed mesenchymal tissue from the papilla about the enamel 
organ, 

ForMATION OF Tne ENAMEL AND Drntine. With the low power ex 
amine a section through a developing tooth in which the enamel and 
dentine are present, Observe: "The changes that have taken place in 
the dental papilla, noting that the cells are more distinctly stellate or 
fusiform and that delicate fibers have appeared in the intercellular 
spaces, This uissue has, also, been invaded by numerous sinall blood ves- 
sels, Ag this vascularization of the dental papilla continues the tissue 
assumes, more and more, the condition which is characteristic of the 
dental pulp. The cells on the periphery of the dental papilla have been 
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translormed into columnar, dentine-producing structures, the odonte- 
blasts. ‘The newly deposited portion of the dentine fumediately ad- 
jacent (o the odontoblasts has a clear, homogeneous appearance (pro- 
dentine) while the dentine, which is more remote front these cells, 
shows a strong (endency to absorb the basic stains, an indication that 
calcification of the older portions of the dentine is taking place. ‘The 
enamel appearing as a cleeply stained (calcilied) layer resting on the 
external surface of the dentine. Note the layer of tall, columnar cells 
(ameloblasts) applied to the external surlace of the cnamel. These cells 
are developed from the inner enamel cells of the enamel organ; at the 
level of the lower border of the dental papilla they will be seen to he 
continuous with the thin, flattened outer enamel cells, Observe the 
enamel pulp in which the cells have come to he more definitely stellate 
in form, with long, branching processes. With the growth of the enamel 
and dentine, the ameloblast layer is pushed upward, the space aceupied 
by the enamel pulp being correspondingly narrowed, A downward 
growth of both the inner and outer enamel cells over the sides of the 
dental papilla is to be observed, Tdentily the wubelike extension af these 
epithelial cells ([lertwig's sheath) which forms a mould within which 
the dentine of the 1001 is deposited, Observe the development of the 
bony structure of the jaw, noting that the Grabeculac have united to 
Jorm a V-shaped trough (alveolar trough) in which the developing 
tooth is located, At a later period this ough is divided by lansvase 
partitions of bone, into alveoli, cach alveolus containing a single tooth, 


Draw: showing the structures observed in Ue section, 


With the high power examine the enamel and dentine which have 
developed over the crown ol the tooth. Observe: the odontoblasts, which 
form a membranelike layer ou the inner sturface of the dentine, Note 
the long, protoplasmic processes extending from the odontoblasts into 
the dentinal (ubules (dentinal fibers of Tomes), Alubough it may not 
be distinguished in the preparation, each tubule is surrounded by a 
layer of more resistant dentine, the sheath of Neuman. Follow the 
dentinal tubules and note the manner in which they end in a network 
of anastomosing branches. Identily the ameloblasts, ull cylindrical cells 
which rest on the external surface of the enamel. Note the position ol 
the nuclei of these cells, also the uncalcified layer of pre-enamel between 
the ameloblasts and the calcified portion of the enamel, Delicate proto- 
plasmic processes, the cnamel processes of Tomes, may be observed to 
extend from the enamel cells into the substance of the pre-enamel, Ob- 
serve the arrangement of the enamel rods, What is the relauion of the 
anicloblasts to the rods? 


Draw: showing in detail the structure of the enamel and dentine, 


¢ 
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The Voncun 

Examine a section through the body of the tongue with a band 
magnifier. Note: the general outline of the organ, distinguishing be- 
aveen the dorsum and lateral sides; the irregular outline of the suilace 
of the dorsum, due to the presence of the lingual papillae: the bundles 
of striated muscle which occupy the greater part ol the body; the layer 
ol connective tissue underlying the epithelium; the lingual septum, the 
partition ol connective tisste which divides the tongue into lateral 
halves. 

Tlaving observed the form and general arrangement of the tissues, 
examine the secuon with the low power, Observe: the type of epi- 
thelium that covers the surface of the tongue; the subepithelial layer 
of fibroelastic tissue, noting that its deep portion is condensed Lo form 
the lingual fascia; clevations of the subepithelial tissue, noting the man- 
ner in which the epithelium is moulded on these elevations to form the 
lingual papillac; the bundles of striated muscle, Note the different 
planes in which these bundles lic, As far as possible identify the muscles 
to which the fiber bundles belong, Do any ol these fibers appear to he 
branched? Observe the manner in which the muscle fibers end in the 
lingual lascia. 

On the dorsum observe the epithelium with the high power, Iden- 
ily che filiform and fungiform papillae. 

A portion of the submaxillary gland with its duct (Wharton's) may 
be seen in sections of the tongue immediately anterior to the raw of 
circumvallate papilla. 

Draw: showing the entie section in oudine, filling in one-half of the drawing 
with the structural details observed, 

Examine fililorm and fangiform papillae with the high power, and draw. 

’xaminge a section through a circumvallate papilla with the high 
power, Observe: the form of the papilla; the deep cleft on both sides 
of the papilla, representing the furrow by which it is surrounded; the 
primary papilla, also the secondary papillae which rise from tie surface 
of the primary papilla and penetrate the deep surlace of the epithelium, 
What type of epithelium covers the surface and sides of the papilla, 
and the sides of the furrow? Note the thinning of the epithelium as it 
extends into the furrow. Leentify the serous glands of von Ebner located 
in the connective tissue beneath the papilla. Note that some of these 
glands lie in the connective tissue between the muscle bundles. Trace 
the ducts of the glands to the floor of the furrow, Locate the taste buds 
if the epithelium on the sides of the papilla. Are taste buds to be found 
in the epithelium on the wall of the furrow? Examine the taste buds 
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with the higher powers, identilying the sustentacular cells; the gustatory 
cells; the gustatory hairs; the gustalory pore, 


Draw: showing the structive of a chcumyallate papilla, the appeatance and as 
far as it can be obser ved, the strucuine of a taste bud, 


Examine a section of an injected tongue. Observe: the large branches 
of a lingual artery which are to be scen in the connective tissue attached 
to the base and sides of the congue; the capillary distribution to the 
muscles and glands; the vessels which belong to the vascular plexus 
in the submincosa; the capillary loops in the primary and secondary 
papillae. 

Construct a diagiam, based on the abeve say, of the disvibution of blood 
vessels in the tongue, 

Tr Sowr PALATI 

Except for its relation to the bone hy which it is supported, the 
mucous membrane of the hard palate is saucturally similar to the 
mucous membrane of the lip and check. For the study of the structure 
of the soft palate, use longitudinal sections of the uvula, 

Examine such a section with the low power, observing the cpi- 
thelium, Js the epithelium the same on the oral and pharyngeal sur- 
faces? On which of these surlaces does the epithelium appear to be 
thicker? At what point is the epithelium most deeply papillated? Note 
the change in the character of the epithelium on the upper part of the 
pharyngeal surface. Note the delicate character of the tissue iminedi- 
ately beneath the epithelium. Why is this tissiie called a tunica propriae 
Observe the coarser fibers of the submucosa, Observe the numerous 
mucussecreting glands which are present in the submucosa of the oral 
surlace, Are (hey as abundant in the submucosa of the pharyngeal sur 
lace? Identify the bundles of transversely cut striated muscle fibers 
which form a muscular partition between the oral and pharyngeal sides 
of the uvula, These fibers belong to the avygos uvulae muscle. Striated 
fibers may be seen extending into the upper part of the section. Lhese 
belong to the tensor palati and levator palati muscles, Note that the 
glandular and muscular tissues are not present in the tip of the avuala, 
which is occupied by loosely arranged fibrous tissue containing a num- 
ber ol thin-walled blood spaces and small masses of fat, 


Because of the thinness ol their walls, the blood vessels tn the tip of dhe uvula 
are readily distended, Under certain conditions these yessels are congested, the tip 
becoming swollen and sensitive. 


Tue Piarynx 


Sections for this study should be made through both the larynx and 
pharynx at about the level of the vocal cords. In such sections the 
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pharynx will appear as an elongated, slitlike opening behind the larynx, 
surrounded by fibrous and muscular tissues. Examine the pharyngeal 
portion of the section with the low power, Observe: the layer of strati- 
fied squamous epithelium which forms the lining of the phatynx; the 
delicate, loosely arranged connective tissue fibers forming the tunica 
propria on which the epithelium vests; the papillae from this layer 
which penetrate the deep surface ol the epithelium, Do these papillae 
produce any change in the form of the {ree surface of the epithelium? 
Examine the bundles ol striated muscle fibers, noting their position on 
the posterior and lateral walls of the pharynx, Can a division of these 
fibers into definite layers be observed? What is the direction of the nius- 
cle fibers in different parts of the muscular layer? On the anterior wall 
of the pharynx observe the submucosa which consists of a layer of 
coarse, fibroclastic issue, external to the tunica propria. Does the sub- 
mucosa extend betaveen the tunica propria and the muscular tissue on 
the posterior and lateral walls? Identify the bundles of striated fibers 
which may be scen in the section, between the submucosa of the pharynx 
and the larynx. These fiber bundles belong to the laryngeal muscles, 
Locate the groups of mucussecreting glands which are in the sub- 
mucosa, Examine the layer of looscly interwoven connective tissue fibers 
external to the muscular Jayers, containing blood vessels, nerves and 
small quantities of fat. This tissue gives support ta the posterior and 
lateral walls of the pharynx by attaching them to adjacent structures, 
Note that the submucosa, on the anterior wall, merges with the con- 
nective tissue which binds (he pharynx to the larynx. 


Tu EsortAcus 

Examine a cross section of the esophagus with the low power, What 
type of cpithelinm lines this structure? Is ita relatively Uhick or thin 
Jayer? Observe its attached surface, is it papillated? Gan you find a base. 
ment membrane? Identify the tunica propria on which the epithelium 
rests, Ifow can you identily this asa tunica propria? Observe the amount 
of lymphoid tissue in this layer. Is it in the form of diffuse aggrega- 
tions or of nodules? Identify the muscularis mucosac. What type of 
muscle forms this layer? Are the fibers directed circularly or longi- 
tudinally? Observe the submucosa, a layer of loosely interwoven col- 
lagenous and clastic fibers which supports blood vessels, lymphatics 
and small bundles of nerve fibers. Note the manner in which the sub 
mucosa forms a series of folds that give the Jumen its irregular outline, 
Note how the tissties of the mucosa are carried over the folds. Identify 
groups of mucous-secreling glands in the submucosa, Wherever possible 
trace the ducts ol these glands to the surface of the epithelium, Note 
the ampullalike enlargements of the ducts just below the muscularis 
mucosae. Examine the muscular coat (muscularis externa), noting that 
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it consists of an inner layer of circularly disposed muscle fibers and an 
outer layer of longitudinal fibers, Which of the twa layers is the more 
strongly developed? What type of muscle forms the wusculiis externa 
in this section? How does the type of muscle change throughout the 
length of the esophagus? Observe the manner in which the muscle 
fibers are collected into bundles, which are partially separated by septa 
of connective tissue, Note the connective tissue seplum berween the two 
layers, Examine the adventitia, an external Jayer of loose areolar tissue 
containing blood vessels, nerves and small masses ol ft cells, Icentify 
groups of ganglion cells: those located in the septum between the cir 
cular and Jongitudinal layers of the muscular cout (myenteric; Auer. 
bach’s plexus), and those located in the submucosa (submucous; Meiss- 
ner’s plexus). The cells of the submucosa plexus are often difficult to 
discover in sections, Note, also, the small bundles of nerve fibers in the 
sepla between the muscle bundles and in the submucosa, 


Draw: showing the structure of the esophagus as seen in the section, 


Examine sections fiom the upper, middle and lower thirds of the esophagus, 
Compare these sections and note the differences in structure, Draw. 


Tire GASTROFSOPITAGEAL JUNGTION 


Examine a longitudinal section through the esophagus at its func- 
tion with the stomach, using the law power, Observe: (he abrupt change 
fiom a stratified squamous to a simple columnar epithelium, indi- 
cating the point where the esophagus ends and the stomach begins; the 
continuation of the submucous and muscular coats of the esophagus 
into the wall of the stomach without any marked change, ‘The mucosa 
increases in thickness and the muscularis mucosae becomes somewhat 
disorganized in making (he transition, Tn some sections branched cardiac 
glands may be seen in the tunica propria ol the esophagus, beneath the 
much thinned out stratified squamous epithelium, The glands which 
lie beneath the simple columnar epithelium of the portion of the sec 
tion which belongs to the wall of the stomach are similar to the cardiac 
glands of the esophagus. Note the inercased thickness of the circular 
muscle layer, which forms a sphincter at the point where the esophagus 
joins the stomach. . 


Draw: showing the change which takes place at the gastroesophageal junction 
as seen in the section, 


Tue Sromacn 


Using the low power, examine sections of both fundus and pylorus. 
Observe the gastric pits which are diagnostic of slomach. Attention 
should be called to the relatively straight surface line of the lumen (the 
pits, which are invaginations, slart at the surface level), Identify those 


rae 
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layers which are common lo the entire alimentary tract: the mucosa, 
muscularis mucosae, submucosa, muscularis extenna, and either a serosa 
or an adventitia, Gompare the thickness of these layers in the stomach 
with those of the esophagus. Alter observing these general suuctual 
characteristics of stomach, the hindic and pyloric regions should be 
studied separately. 

TILE FUNDUS. Examine sections from the wall of the fundus ol 
the stomach with the low power, Observe the mucosa, What type of 
epithelinm is found Jining the fundic region? Note the tunica propria 
which is a thick layer of reticular Lissue containing a large number ol 
lymphocytes. Notice the gastric pits which are short ancl wide in the 
fundic region. Verily this description and compare them with the 
gastric pits of the pyloric region, Examine the gastric glands. What 
type of glands are they and how can you be sure of this classification il 
the section is an oblique cul? Do these glands extend beyond the tunica 
propria? Where do they empty? Note the narrow portion by which they 
are connected with the pits, the neck; the longer and more expanded 
portion which forms the bady; che still more eilarged, blind end of 
the gland or lundus, Find glands which show a bifid condition of the 
deep portion of the gland. Note how the amount of reticular tissue in 
the tunica propria is reduced by the close-set arrangement of the glands, 
Identify the muscularis mucosac, Note the type ol muscle and its 
arrangement, Is it a relatively thick layer? Observe the submucosa 
which consists of a loose arrangement of fibroclastic Ussue, which gives 
support to blood vessels, small bundles of nerve fibers and lymphatics, 
Owing to the thinness of their walls, the lymphatics cannot be dis- 
Unguished [rom the surrounding connective tissue, Examine the mus- 
cularis externa, Identify an outer layer of longitudinal fibers and an 
inner layer of circular fibers; also bundles of obliquely directed fibers 
which fie internal to the circular layer. Observe the serosa which con- 
sists of a thin layer of serous cells supported by a substratum of connec- 
tive tissue. Note the presence ol blood vessels and sinall bundles of nerve 
fibers in the connective tissue of the serous coat. 


Draw: showing the structure of the wall of the fundus as seen in the sections, 


Using the same section, examine the mucous membrane with the 
high power. Follow the epithelium from the surface into the pits, Is 
there any apparent change in height or appearance of the cells? Follow 
this epithelium into the gastric glands, ILow does it compare in appear: 
ance with the epithelium of the pits? Observe the types of cells in the 
glandular epitheliam; the neck cells, noting their low columnar form, 
their relatively clear protoplasm and the flatuened nuclei located in 
their basal ends; the chief cells, which are columnar cells bordering 
the lumen of the gland. Note their pyramidal form where they can be 


a 
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seen in cross sections of the gland: the fine, deeply staining panules 
with which their cytoplasm is filled: the round, basally located nuclei, 
What is the staining reaction af these cells? Owing to the solvent accion 
of some of the reagents employed in preparing the tissue, it frequently 
happens that the zymogen granules have disappeared from the cell, 
Identily the parietal (acidophilic) cells which are more or less spherical 
or riangular in form, and lie between and somewhat peripheral to the 
chief cells, Note their red color due to their marked affinity for the 
acid stains; the coarse, highly refractive granules with which their 
cytoplasm is filled. In what part of the gland are the parietal cells most 
abundanv? Identify the smooth muscle fibers located in the tunica 
propria between the glands. Observe the small agaregations of lympho. 
cytes in the tunica propria close to the muscularis mucosae, Are they 
ever arranged in the form of nodules? 


Draw: showing the histological saucture of the gasnic glands, 


TITE PYLORUS, Examine a section through the pylorus of the 
stomach with the Jow power, Observe the mucosa, noting that the 
epithelium by which it is covered is similar to Unat in other parts of the 
stomach, Identify the tunica propria, What is the distribution of the 
lymphocytes in this layer? Observe the gastric pits. [low clo they difler 
in shape from the pits of the fundic region? What type of glands is 
found in the pyloric region? What is their relation to the gastric pits? 
Identify the muscularis mucosac, submucosa and muscular externa, 
How many layers of muscle can you clistinguish in the muscularis 
externa? Note the arrangement of (he fibers in cach layer, Compare the 
thickness of each layer with the corresponding layer in (he Cundic area, 
Are bundles of obliquely directed fibers present in the pyloric region? 
What layer or layers contribute to the lormation af the pyloric sphine- 
ter? Identify the serous coat which forms the external invesument of the 
gastric wall. 


Draw: showing the siuctural appearance of the pyloris as seen in ue section, 


Examine the pyloric mucosa with the high power. Observe the 
epithelium lining the gastric pits, Note the depth to which the pits 
extend in the mucosa, Observe the pyloric glands, uo or three of which 
open into a single pit, Note that cach gland consists of a single, short 
tube or neck which divices into a number of branches. The branches 
continue (or subdivide) to form the secreting tubules which, owing ‘to 
their length, are coiled about on the inner side of the muscularis 
mucosae, These tubules are cut transversely or obliquely in the section, 
Note the nongranular character of the cytoplasm of the cells lining the 
tubules; the flattened nuclei, which are Jocated in the basal portions 
of the cells; the large lumen of each tubule. What kind of a secretion 
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do these glands produce? Are parictal cells to be observed in the pyloric 
glands? How does the amount of reticular tissue in the pylorus compare 


with that in the findus? 
Draw. showing the histological saucture und relations of the pyloric glinds. 


THE BLOOD SUPPLY OF TIT GASTRIC WALL, With the 
low power, examine a section fiom the wall of a stomach in which the 
vessels have been injected. Observe: the bload vessels located in the 
connective tissue of the scrosa; the branches of these vessels in the con- 
nective tissue septa between the muscle bundles of the muscularis 
externa, noting the distribution of the capillaries to the muscle fibers; 
blood vessels, some of which are quite lage, in the submucosa, Wher- 
ever possible trace branches of these vessels through the musculiuis 
mucosae into the mucosa. Note the arrangement of the capillaries about 


the glands. 
Make a diagram, based on the above observations, showing the disulbution of 
blood vessels in the wall of the stomach, 


THE NERVES IN THE GASTRIG WALL. lxamine sections of 
both the fundus and pylorus with the high power. Note the small 
bundles of nerve fibers in the serasa; in the septa between the muscle 
bundles; in the septum between the inner circular and outer longi- 
uidinal layers; in the submucosa, Identify the groups of ganglion cells 
in the intermuscular septum, the myenteric (Aucrbach’s) plexus. Similar 
groups ol ganglion cells belonging Lo the submucous (Meissner’s) plexus 
should be sought in the submucosa, hese cells are fewer in number 
and more difficult to find, : 

Deww: showing the anangenent of the nervous elements in the wall of the 
stomach, 


Tine GAstRODUODENAL JUNGTION 


With the low power cxamine a longitudinal section through the 
junction of the pylorus with the duodenum, Observe: that the mucosa 
ol the pylorus is relatively deep and contains branched tubular glands 
which lic internal to the muscularis mucosae, while that ol the duo: 
denum is somewhat thinner and contains simple Lubular glands (crypts 
of Lieberktihn), Note that at the point of transition, the tubules of 
the pyloric glands break through tie muscularis mucosac and begin to 
lie in the submiucosa. Glands similar to those observed in the pylorus, 
but with a more complicated system of branching, are located in the 
submucosa of the duodenum (Brunner's glands). Note that the inner 
dircular muscle layer has increased in thickness at the point where the 
tansition takes place, the pyloric sphincter. 

Draw: showing the changes that wke place In the Wansition hom the pylorus 
lo the duodaium, 
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‘Die SM an INTERSTING 

Using the low power, examine sections of duedentim, jejunum and 
ileum, Identify and observe the villi which ave diagnostic of the small 
intestine, Note that the base line of the villi is elatively straight (these 
structures are evaginations of the mucosal tissue) while the tips ol the 
villi extend for variable distances into the lumen, Note the variation 
in the diameter of the intervillus space. Gompare the height and shape 
of the villi in the thice areas of the stall intestine, 

Using high power observe both longitudinal and cross sections of 
villi from different areas of the small intestine. Observe the epithelium 
which extends over the villus, noting that it isa continuation of that 
which lines the intestinal canal. Do you find any goblet cells inter 
mingled with the other cells of the epithelium? Vollow the epithelium 
of the villus into the crypts of Lieberkiihn, Do goblet cells occur in 
these crypts as well as in the epithelium over the villi? Note the tunica 
propria by which the epithelium of the villus is supported. Observe the 
presence and distribution of lymphocytes in this uissue, Tn sections pre- 
pared with special stains, plasma and mast cells, as well as a lew gram 
locytes, may also be seen in this tissue. Identify the lacteals, which 
are lymphatic vessels which start as blind-end capillaries in the villi, 
They appear in the reticulum as clear spaces lined by thin endothelial 
cells, Note the smooth muscle fibers lying parallel with the long axis 
of the lacteals. What is the Junction of these fibers? 


Diaw, showing the histological suucture of a villus as seen in both longitudinal 
andl cross sections. 


‘THE DUODENUM 

Examine a section of the duodenum with the low power, Observe 
the epithelium, which consists of tall columnar cells. Note the shape 
and position of their nuclei, Notice, also, the thickness of the tunica 
propria, [s ita relatively thick or thin layer? Compare it with this layer 
in other poruons of the alimentary tract. In the section of the duo- 
denum note the numerous lymphocytes scattered throughout the tissue, 
Note that the villi are epithelial covered projections of reticular tissue. 
The reticular tissue forms a supporting core lor the epitieliam. Ob- 
serve the crypts of Licberkithn which are simple tubular glands that 
open to the surlace of the epithelium between the villi, Note that the 
cells which line the crypts are continaous with the epithelium of the 
surface of the mucosa, Identily the muscularis mucosac, In the region 
of Brunner's glands notice the disturbance in the arrangement of this 
layer which is produced by the glands and their ducts, Note, also, that 
a considerable amount of reticular tissue lies between the blind ends 
of the crypts and this layer, Small aggregations of lymphoid tissuc and 
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a lew solitary nodules are to be found in the reticular tissue in the 
region of the muscularis mucosae, Identify the submucosa, the connec- 
tive tissue of which is largely obscured by the presence al the numetous, 
coiled branches of Brunnet's glands. Note Uhat the duets of these glands 
have a relatively wide lumen, ‘Trace the duets (o their connections with 
the ends of the crypts of Lieberkiihn, A lew of the ducts may be Jound 
to open into the sides ol the crypts, Observe the muscularis externa 
which consists, as in the other parts ol the alimentary canal, of an inner 
circular and an outer longitudinal layer of smooth muscle fibers, Iden- 
tify and follow the serous membrane, which may be attached to one 
surface of the duodenum; the outer covering of the remaining surfaces 
being an adventitia ol loosely interwoven connective tissue. 


Draw: showing the general suuctural characteristics of the duodanum as seen 
in the section, 


Examine the following structures with the high power: the cells 
which form the epithelial lining of the duodenum, noting the goblet 
cells which are interposed between the epithelial cells; the changes 
which take place in the epithelial cells as they pass from the surface 
into the crypts of Lieberkithn, Observe the cells of Paneth, which can 
be identified in the fundi of the glands by their coarse granules stained 
a deep red by the acid clye. Where in the epithelium are these cells 
located? Note the form and appearance of the cells which line a uuibule 
of Brunner's glands as seen in cross section, Locale groups of ganglion 
cells belonging to the myenteric plexus, which are to be found in the 
connective tissue between the two layers of the muscular coat, Identify 
similar groups of ganglion cells in the submucosa belonging to the 
submucous plexus. Why are these cells somewhat difficult to find? 


Diaw: showing the histological character of the above-mentioned structures, 


In a longitudinal section of the duodenum identify the plicac 
circulares, What layers contribute to the formation of these Colds? Note 
the relation of the villi (o the plicac. How do these lolds vary in height 
throughout the extent of the duodenuin? Compare the plicae in the 
jejunum and the ileum. 

DE JEJUNUM 

With the low power examine a longitudinal section through the 
mid-portion of the jejunum. Observe: that the arrangement of the 
mucosa, submucosa, muscularis externa and serosa are the same as 
dgscribecl in the general plan of structure of the alimentary canal, Iden- 
tify the tall, narrow folds, the plicac circulares, which are formed by 
clevations of the submucosa, Note the manner in which the structures 
of the mucosa are carried over these folds, Where the section passes 
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through secondary and tertiary folds, the plicae appear lo be branched, 
In the mucosa observe the presence of masses of diffuse lymphoid tissue 
and solitary nodules. Examine the serosa which consists of a layer ol 
thin, flattened mesothelial cells supported by a subsuiatum of connec- 
Live Lissue. 

How does the mucosa compare in thickness with that of the duo- 
denum? Does this affect the length of the crypts of Licberktihn? Gom- 
pare the form of the villi in the jejunum with those lound in the duc 
denum. How does the wall of the jejunum compare in thickness with 
that of the duodenum? 


Draw: showing the characteristic struct of the jejunum as seen in the section, 


VEE UM 

With the low power examine a longitudinal section of the ileum 
through a Peyer’s patch. Observe a portion of the wall of the ileum 
which is devoid of masses of lymphoid tissuc, comparing the arranpe- 
ment olf the coats, the villi and the crypts ol Lieberktiln with those 
observed in the duodenum and jejunum, Locate and examine a Peyer's 
patch, which consists of large aggregations of lymph nodules, Note the 
form of the nodules; their position in both the mucosa and submucosa; 
their germinal centers; the diffuse lymphoid tissue with which the 
spaces between the nodules aie filled. How much of the nodule lies in 
the submucosa? Can any portion of the muscularis mucosae be seen 
between the nodules? What is the condition of the epithelium above the 
mass ol lymphoid tissue? Can lymphocytes be seen which are migrating 
between the cells toward the surface of the epithelium? 


Draw. (a) showing the structure ol the wall of the eum outside the area of 
lymphoid aggregations; (b) the wall of the ileum where the section pisses through 
a Peyer's patch, 


Tue Inrocotic (ILuocecaL) VALVE 


The walls of both the small and large intestines join Lo form two 
lips, one above the other, bounding the slitlike aperture (hrough which 
the contents of the ileum pass into the large intestine (colon), These 
lips form a valvelike structute (ileocolic valve), the closure of which 
prevents the food, once it has been received by the colon, from pass- 
ing back into the ileum. 

With the low power examine a section which passes lengthwise 
through the ileocolic valve, Observe the mucosa as it appears on both 
sides of the valve. The mucosa on the sides of the lips ol the valve which 
are opposed to each other, belongs to and is characteristic of the ileum, 
Note that it forms a relatively thick layer and presents crypts of Licber- 
kiihn, low conical villi, aggregations of lymph nodules and a muscularis 
mucosac, The mucosa on the opposite sides of the lips presents no 
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villi but is supplied with wide crypts, the epithelium of which contains 
numerous goblet cells. Follow the muscularis mucosae as it passes (rom 
the ilewm over the border of the lip and becomes continuous with the 
muscularis mucosac of the colon, In the same manner the submucosa 
of the ileum becomes continuous with the submucosa of the colon, ‘The 
inner circular layer of smooth muscle fibers extends into the lips of 
the valve where it forms a small sphincter mascle which aids in the 
closme of the valve. The outer longitudinal layer of muscle fibers also 
extends into the lips of the valve, in which it meets and joins the corre- 
sponding layer from the colon, 
Draw: showing the structure of the Ileocolic valve, 


Tre Larce Investing 
Using the low power, examine sections from varlous areas of the 
large intestine, Note that these sections have neither gastric pits not 
villi, The large intestine is characterized by the presence of crypts ol 
Lieberktthn, 


TIE COLON 


Examine a cross section of the colon with the low power. Observe 
the epithelium, consisting of tall columnar cells forming the surface 
Lissue of the mucous coat, and the reticular tissue (tunica propria) on 
which the epithelium rests, Identify the crypts, which are simple tubular 
glands formed by the invagination of the epithelium, Note the number 
of goblet cells in the epithelium Hning the crypts. Observe the strongly 
developed muscularis mucosa, noting the number of layers of smooth 
muscle of which it consists. Examine the relatively thick submucosa. 
Note the folds formed by the submucous and mucous coats that give 
an irregular outline to the lamen, What is the direction of these folds? 
Are they Lemporary or permanent? Observe the circularly arranged 
inner layer of smooth musele fibers of the muscular coat, How does it 
compare in thickness with the corresponding layer in the small intes- 
tine? Identify the Lacniae coli, What are they and how are they formed? 
Note the manner in which the longitudinal muscle layer becomes 
thinner on either side of the taentae, Identily the adventitia, consisting 
of loosely arranged connective tissue fibers. Note the blood vessels and 
small bundles of nerve fibers in this layer. In some sections of the 
ascending and descending divisions of the colon a scrous membrane 
may be present on its outer surface. Because of its more or less complete 
investment by the mesenteric extension of the peritoneum, the trans. 
verse colon always presents a serous membrane as its outer covering, 
Locate and examine the epiploic appendix, noting the narrow stalk 
ot peduncle by which it is attached to tbe wall of the colon; the 
flaugned mesothelial célls by which the connective tissue and fat cells 
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contained in the epiploic appendix, are enclosed; the blood vessels in 
the connective tissue between the lobules of fag the large lymph nade 
in the expanded portion of the appendix. In many cases a lymph node 
nay not be present. 


Draw: showing the stuuctuie of the wall ol the colon; a few of the crypts as 

seen with the high power; an epiploic appendage, 
TIE VERMITORM APPINDIN 

Examine a section of the vermilorm appendix with the low power, 
Observe the lumen, noting its imegular outline due to the folding of 
the submucous coat. Identily the crypts; note that they are similar to 
those in the mucous membiane of the colon, except that they do not 
contain as many goblet cells and chat they are [requently divided into 
two or three simple branches. Is there much lymphoid tissue in the 
tunica propria? Note the number ol nodules present; their germinal 
centers; the diffuse lymphoid tissue by which the nodules are sur 
rounded, low much of the muscularis mucosac can be observed? Iden: 
tily the submucosa, the greater part of which is obscured by the lymph- 
oid tissue which extends into it from the mucous membrane. Observe 
the muscular coat; does it present the same arrangement of smooth 
muscle fibers as in the small intestine and colon? Examine the serous 
coat, a layer of mesothelial celJs, supported by a substiatuin of connec- 
live tissue which is continued about the wall ol the appendix from the 
mesoappendix. Identify the vessels and netves in the mesoappendix by 
which the wall of che vaamilom appendix is supplied, 

Diaw: showing the appearance and suucture of the vermiform appendix as 
scen tn the section, 

THE REG PUM 

Examine a cross section of the rectum with the low power, Note that 
its structure resembles that of the colon. However, (he following differ: 
ences should be observed: the crypts of the rectal mucosa are longer 
and wider than chose in the mucosa of the colon; g goblet cells are present 
in such numbers that they constitute the gi cater portion of the epithelial 
elements of the crypts; the fibers of the longitdinal muscle are present 
in the form of a continuous Jayer about the wall of the rectum, Note 
the manner in which the longitudinal muscle layer is thickened on the 
anterior or posterior wall of the rectum, or both, 


Draw: showing the structure of the rectal wall as seen in the section. 


Examine a longitudinal section of the rectum with the low power. 
Observe the rectal folds (valves of Houston), “The valves are three in 
number, one being located on the right and uvo on the lelt side of the 
rectal wall, Note (hat not only the mucosa and submucosa, but both (he 
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muscular layers are included in the structing of these folds; a portion 
of the longitudinal muscle extending downward across (he base of the 


fold for the pm pose of giving it added support. 
Diaw: showmg the suucine of the yalyes ol Houston, 


Ik ANAL CANAL 

Examine a longitudinal section Unough the anal canal with the low 
power, Obseive: the changes in the epithelium lining the different 
regions ol the canal; the siuple columnar epitheliam in the rectal por- 
tion, Note that it rests on a tunica propria, which is separated from the 
submucosa by a muscularis mucosac. ‘The mucous membrane also con- 
tains a Number of crypts of Lieberkiihn, Note the suatified columnar 
epithelium which covers the upper part of the columnar area. This 
epithelium is best scen in places where the section passes through the 
anal sulci or grooves between the columns, Observe the stratified squa- 
mous epithelium which lines the intermediate area of the anal canal; 
the thin epidermal layer which covers the cutancous surface, Occa- 
sionally the anal sinuses or blind pouches formed behind the anal valves 
by the lower ends of the sulci, can be scen in the section, What kind of 
epithelium forms the lining of the anal sinuses? Observe the firmly 
compacted connective tissie on which the epithelium of the inter- 
mediate and cutaneous areas rests. 

Observe the disposition of the muscular tissues in the wall of the 
anal canal, Identify the dilator muscle of Rudinger, Note the manner 
in which fiber bundles from the muscularis mucosae of the rectum are 
continued into the anal columns to form this muscle. Observe the 
thickened muscular ring formed at the lower end of the circular layer 
of smooth muscle, the internal sphincter muscle of the anus, Note the 
position of this muscle in relation to the anal valves, [dentify the exter- 
nal sphincter muscle which appears as transverse sections of striated 
fibers below and external to the internal sphincter, Trace the couse 
ol the fibers of the Jongitudinal smooth muscle layer between the 
sphincter muscles, noting that the delicate, tendinous fibers, in which 
this muscle is continued, end in the coriun. Identify the obliquely 
directed striated fibers of the levator ani muscle in the external border 
ol the section, Note the tendinous fibers by which this muscle is attached 
to the fibrous (issue of the canal. 

OBSERVE THE GLANDS OF TIT ANAL CANAL, Identify 
fragments of the intramuscular glands in the connective tissue sepia 
between the bundles of the circular muscle layer. If present, the duct 
will be directed toward the epithelium which Lines the intermediate 
area, Note the type of cells and the number of cell layers in both the 
secreting Lubules and the duct. Identify sebaceous glands close to the 
bogdér of the anal opening, Identify the anal glands of Gay, which are 


5b LABORATORY DIRECTIONS 


large coiled tubular glands in the region external to the border of the 
opening. Note the hair follicles, sebaceous glands and sweat glands in 
the tissue beneath the epidermis of the cutaneous area, as well as the 
lymph nodules and blood vessels (branches of the hemorrhoidal arteries 
and veins) in ube submucous tissue underlying the rectal mucasa. 


Draw: showing the histological suucture of the anal canal, 


METHOD OF IDENTIFICATION OF SEGMENTS 
OF THE ALIMENTARY TRACT 

The identification of the various segments of the alimentary tract 
scems to cause most students considerable difficulty, With reasonably 
careful observation of certain structural characteristics this can be 
avoided, 

First, it is essential that students learn to differentiate between 
villi and gastric pits. This in itsell is not difficult if the stucent remem- 
bers that gastric pits are invaginations [rom the surface level while the 
villi are evaginations beyond the surface level, Compare villi and gastric 
pits in sections, 
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Given an unknown section, one surface of which is covered by an 
epithelium. 

Check to see if there is a muscularis mucosa, If there is it masd be 
a section from the alimentary tract. J 


Identily the type ol epithelium, If it is stratified squamous it must 
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be esophagus or anus. If it isa simple columnar epithelium it must be 
the tract between the gastroesophageal junction and the rectoanal 
junction, ad a My y 

With a stratified squamous epithelium it is now necessary to dil- 
ferentiate between esophagus and anus. Examine the remaining layers, 
I they are uniform and confor co the general arderly atrangement ol 
the digestive act, particularly the muscularis externis, it is undoubt- 
edly esophagus. Observe the type of muscle in the muscularis externis 
in order to determine the level at which the section was taken. Uf beth 
layers are striated muscle it is from the upper ene-third, if there is both 
smooth and striated muscle present, it is from the middle third, and 
iL it is almost entirely smooth niusele it is from the lower one-third. 

Inegular arrangement ol layers, presence of some stratified columnar 
epithelium, hair follicles and sebaceous glands would be ciagnostic 
of anus. 

If, on the other hand, the epithelium is a simple columnar epi- 
thelium the student should check for the presence of the foltowing: 
(a) gastric pits, (b) villi or (c) simple tubular glands (crypts of Licber- 
kihn) only. By doing this it is possible to quickly assign the section to 
the region to which it belongs. 

If gastric pils are present it must be stomach, Next identily the type 
ol glands, If they are simple tubular it is a section from the fundus. 
(Note the presence of parietal cells, which should be there in quan- 
tity.) Branched tubular glands would icentily the section as pylorus. 

The presence of villi could only mean small intestine. {t only 
remains to decide if it is duodenum, jejunum, or ileum, 

Look for Brunner’s glands in the submucosa, If Uhey are present it 
must be duodenum, However, some sections of duadenum have no 
Brunner’s glands, Therefore, it is necessary to check the shape of the 
villi, In the duodenum they are tall and leaf-shaped, ‘Phe mucosal layer 
is also thickest in the duodenum, Ampulla of Vater, if it is present, is 
also a positive diagnostic characteristic for duodenum, 

Check for the presence of Peyer's patches, Uf they are present it 
must. be ileum, However, here again, it may be ileum without Peyer's 
patches, Observe the villi. In the ileum they are shortest and are club: 
shaped. The plicac circulares are also short and relatively broad. 

Tl you have systematically ruled out duodenum and ileum, then 
observe the plicae circulares, Tall, thin, branching plicae are diagnostic 
of jejunum, The villi are moderately tall and conical, 

If there are neither gastric pits nor villi, but only simple tubalar 
glands present in the mucosa it nvust be large intestine. If it is a cross 
section look for the thickenings in the longivudinal layer of the muse 
cularis externis. Uf there are three such thickenings it must be colon, 
Tl there is only one or two strongly developed longitudinal thickenings 
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it must be rectum. Examine the glands, They are somewhat shorter 
and narrower in the colon and there are fewer goblet cells, This last 
criterion, however, must be a relative evaluation unless it is known that 
both sections were taken from the same person or animal and, there- 
fore, it may be difficult for the beginning student to evaluate properly, 


STUDY OF GLANDS ASSOCIATED WITH THE 
DIGESTIVE TRACT 


Tre Sanivary GLANds 7 


‘THE PAROJID GEAND 

Examine a section of the parotid gland with the low power, Observe 
the connective tissue septa by which the gland is divided into lobes and 
lobules. Note that the septa are extensions of the capsular tissue which 
envelops the gland. Identily blood vessels and nerves located in the 
capsule and in the septa. Study the duct system and from your observa- 
tions construct a diagranunatic representation of this system, Observe 
the interlobar ducts located in the broader septa between the lobes, 
What type of epithelium lines these ducts? Follow the septa as it extends 
between the secondary and primary lobules. Identily the interlobular 
ducts. What type of epithelium lines these ducts? Observe the intra- 
lobular ducts located within the lobules. Note the epithelium which 
lorms their Jining. Note that the intralobular ducts are surrounded by 
a smal] amount of connective tissuc, Identify uae intermediate (inter- 
calary) ducts, Note their narrow lumen and the type of cell which forms 
their epithelial lining, Observe the acini which consists of pyramidal 
cells arranged about a small opening or lumen, 

Examine several acini with the high power, Observe the form and 
arrangement of the cells; the finely granular character of their cyto- 
plasm; the form, position and staining quality of their nuclei, What 
kind of a secretion do these cells produce? What effect does the secretory 
activity of these cells have on the quantity of these granules? By observ 
ing the cells carefully can you recognize acini in the resting stage and 
those in the secretory stage? 

Observe the cells which form the epithelium ol the intermediate 
ducts. Note that the flattened epithelial cells of the intermediate ducts 
are continuous with the pyramidal cells of the acini. 

Can basket cells be identified (by the position, shape and staining 
properties of their nuclei) in the walls of the smaller ducts? Is there any 
difference in the appearance of the cells of an acinus arianged about a 
lumen that is scarcely perceptible, and those arranged about a larger, 
more distinctly visible lumen? What is the staining reaction of these 
cells? 


th 
io 


fag ns 


GLANDS ASSOCIATED WILE DIGESTIFE TRACE BRT 


Diaw: showmp the struc tinal charcteistics of the veani ancl their aysecutted 
ducts as seen with the ugh pawa, 

LEfk SUBMAXIEE ARY GLAND 

Examine a section of a subinaxillary gland with the low power, [al- 
lowing the ouding for the low-power study of the parotid gland. Note 
that in addition to the serous acini there ae groups of mucous acini 
scattered throughout the substance ol the gland. Low are the mucous 
acini to be recognized? 

Examine the section with the high power, Observe: The serous 
acini; note their similarity to those abserved in the parotid gland; the 
mucous acini; note their anangement in small groups: the pyramidal 
form of their cells; the flauened nuclei which, together with a small 
amount of cytoplasm, have been pressed by the accumulated mucoid 
material into the basal portion of the cell, Identify the crescent-shaped 
demilunes; note their relation to (he cells of the mucous acini: their 
deeply staining, spherical nuclei; the fine, basophilic granules in the 
cytoplasm, What kind of a secretion do they produce? Where is their 
secretion emptied? Name the points by which serous acini can be dis- 
tinguished from mucous acini. 


Draw a group of serous and mucous acini which are adjacent to one another, 
showing their stiuctural characteristics, Include mucous acini which show deme 
lunes. 


“TELE SUBLINGUAL GUANDS 


Examine a section of a sublingual gland with the low power, [ol- 
lowing the ditections given for the study of a salivary gland, Make the 
following observations: that the mucous acini gi catly predominate over 
the serous acini; that demilunes are abundantly present in association 
with the mucous acini, Compare the duct systems of these three salivary 
glands. Lfow do they differ? 

Draw: showing the stuctural appearance of the mucous acind and their asso. 
clated demilunes as scen with the high power, 

THE BLOOD SUPPLY OF A SALIVARY GLAND 

Examine a section of an injected gland with the low power, Make 
the following observations: the position of the blood vessels in the 
capsule and septa, the capillaries, noting their position in relation to 
the acini and ducts, and that those about the acini are closely applied 
to the basement membranes. 

On the basis of the above observations construct a diagram showing the dis 


tribuuion of the blood vessels in a salivary gland. 
‘Ti PANcReAs 
I, Examine a section of the panctoas with the low power. Observe: 
the division of the gland into lobules; distinguishing béuveen the 
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primary and sccondary lobules as lar as possible. Note that the primary 
lobules are not completely separated by the septa of connective tissue 
which extend between them. Identily the principal duct of the panei cas 
(duct of Wiisung) which may be observed in sections which have been 
cut in the proper plane. What (ype of epithelium lines this duct? Note: 
that ils epithelium rests on a delicate basement membrane; that the 
remainder of the wall consists of densely compacted fib ous tissue, Tden- 
tify smooth muscle fibers in the wall of the duct. Observe the inter. 
lobular ducts, which we branches of the pancreatic duct which may be 
followed into the septa between the secondary and primary lobules, 
The larger duets are lined by what (ype of epithelium? The epithelitn 
of the salle: ducts consists of what types ol cells? Observe the inter. 
mediate (intercalary) ducts, which ae branches of the interlobular 
ducts which are located in the lobules, Note that the intermediate 
ducts take the place of inualobular ducts in the pancreas, Note, also, 
that they closely resemble the intermediate ducts of the salivary glands. 
Identily the islands of Langerhans, noting that the islands are consider 
ably lighter in color than the surrounding tissue ol Ue pancreas, 


Draw several lobules, showing the structural appearance of the gland as seen 
with the low powe, 


2. Examine the section with the high pawer, Observe: the acini, 
noting the difleent planes in which they have been sectioned; the 
acinar cells, noting their spherical nuclei; the location af the nuclei 
in the cells; the coarse, acidophilic granules in the portion of the cell 
which is toward the fumen of the acinus; the darker, basal zone from 
which granules are usually absent. Identify the centroacinar cells. 
Where are they located? Note their size, shape and staining reaction, 
What is their relation to the acinar cells? Observe several islands of 
Langerhans, What is the shape of the cells and how are they arranged? 
How many distinct types of cells are present in the islands? Identify 
cells of cach type and note their morphological characteristics. Tow 
do these cell types differ in number and location in the islands? What 
secretion is produced by the endocrine portion of the pancreas? What 
is its importance in the body? Note the sinusoids which occupy the 
spaces between the cell cords; also the delicate investment of connec: 
tive tissue by which the islands are separated from the surrounding 
tissue of the pancreas. Observe the ducts, which are tubular structures 
located in the septa between the lobules, Note that the larger ducts are 
fined by tall columnar cells, and that the cells become lower in the 
smaller ducts until, in the ducts between the primary lobules, they are 
cuboidal in form, Note, also, the fibrous tissue which forms the walls 
of the ducts external to the epithelium, The intermediate ducts can be 
seen in the lobules. They are to be identified by their narrow lumina 
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and low, flattened epithelium, Find a place in the section: where the 
duet is joined to an acinus, noting that the cells of its epithelium appear 
to be continuous with the centroacinar cells, 

Draw. showing (1) the saucuie and aiangement ol the cells in-an acinus: (2) 
The histological structure of at island of Langerhans: (8) “Two or more examples of 
the ducts, showing the character of their epithelium and the Uhickness of their 
walls: (4) ‘The junction of an intercaluy duet and an acinus, 


Tue Liver 

PIG'S LIVER. A section of pig's liver is first studied for the reason 
that the lobules are completely outlined and, therefore, are readily 
identified. This condition does not exist in the human liver, in which 
the outlines of the lobules are somewhat obscure. 

Examine a section ol pig's liver with the low power. Observe: the 
hepatic lobules, noting the manner in which they are completely out- 
lined by septa of connective tissue (capsule of Glisson); the central 
veins, occupying a central position in the lobules; the hepatic cords, 
rows of hepatic cells radiating {rom the central vein to the periphery 
of the lobule; the hepatic sinusoids, irregular, thin-walled capillary 
structures occupying Une spaces between the cell-cords; the portal canals, 
expansions of the connective tissue of Glisson's capsule, occupying 
“corner positions between the lobules, Note the presence and position, 
in relation to cach other, of the branches of the hepatic artery, the portal 
vein and the bile duct. 

Draw two or three lobules, Including che stiuctures indicated above, as seen tn 
the section, 


HUMAN LIVER, Examine a section of human liver with the low 
power, lollowing the directions for the study of the pig's liver, Note 
that the lobules are not completely invested by connective Lisstie and 
that the hepatic cords of adjacent lobules unite with one another, The 
portal canals, however, occupy the same position in relation to the 
lobules, as in the section previously studied. ‘To qutline an hepatic 
Jobule in human liver, imagine a line drawn [rom one portal canal to 
another enclosing a central vein and the radiating cords of the lobule. 


Draw: showing the suructural appearance of human liver as seen in the section, 


Examine the section with the high power, Observe: the form of the 
hepatic cells; their arrangement in the bepatic cords; the finely granular 
character of their cytoplasm; the presence of large vesicular nuclei, 
noting their spherical form. Locate several cells which show vo nuclei 
instead of the usual single nuclei. Identify the bile capillaries, appear- 
ing as small apertures or clelts between the hepatic cells, 


In silver nitrate preparations, the bile capillaries in which the silver salts have 
hea precipitated, Appar as dark lines extending through the hepatic cords, 
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Observe the sinusoids, thin-walled vessels of unequal diameter 
occupying the spaces between the hepatic cords, Note the type or types 
of cells which form the walls of the sittasoids and their closeness to the 
hepatic cells, In specially prepared material, a layer ol delicate reticula 
fibers can be identified between the endothelial cells of (he sinusoids 
and the cells in the hepatic cords, Fiequently, owing to their exueme 
thinness, the cells lining the sinusoids can be identified only by their 
bulging nuclei. Identify the stellate cells ol Kupfer, which may be 
seen lying across the lumen ol a sinusoid. ‘Phey can be recognized by 
their large nuclei and stellate form, Locate several portal canals, What 
forms a portal canal? Note their position in relation to the lobules, 
Note also the position of the branches of the artery, vein and duct in 
the portal canal. 


Diaw' showing the histological appearance of che suuctines indicated, 


Review the circulation of the liver, Examine a section of an injected 
liver with the low power. Identify dhe vessels which are present in the 
section, Diagiammatically reconsuuct the vascular supply of the liver, 


Tun Gant, BLapver 


Examine a section of the gall bladder with the low power, Observe: 
the mucosa; note the tall, columnar cells of the epithelium; the sub- 
epithelial layer of delicate, collagenous and clastic fibers. Are reticular 
fibers present in this layer? Uso what is their distiibution? Why is 
this layer called a stroma? How does it diller fiom a tunica propria 
Are goblet cells present in the epithelium of the gall bladder? Do the 
cells of the epithelium possess true cuticular borders? Note the Colds 
into which the mucosa is raised. Note how the tall, primary Coles are 
joined to one another by secondary folds; also the recesses which are 
enclosed by these folds, Observe the muscularis; note the manner in 
which the differently directed bundles of smooth muscle fibers are 
intermingled in this layer. Identify the adventitia: note the layer of 
densely compacted connective Lissue which forms the portion of the 
wall external Lo the muscular layer; the loosely interwoven fibrous tissue 
between the wall of the gall bladder and the surface of the liver, What 
is the extcrnal covering ol the portion ol the gall bladder that is not 
opposed to the surlace of the liver? 


Draw: showing the histological structure of the wall of Uhe gall bladder, 


The Bite Duoer 
Examine a section through the bile duct with the low power, Ob- 
serve: the similarity between the cells which form its epithelial Itning 
and those in the epithelium ol the gall bladder. Are true goblet cells 
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present in the epithelium ol the bile duct? Lxamine the shroma, delicate 
fibroelastic tissue on which the epithelium rests. Observe: a mumber of 
small, branched tubular, mucus secreting glands may be found in the 
suoma; the thin laye: ol smooth muscle fibers, in which che differently 
directed bundles do not fonn dehnite layers. 


Draw: showing the histalogical siuctine of the bile duct. 


METHOD OF TOENTIFIGATION AND DIFFERENTIATION 
OF LACRIMAL, PARO TID AND PANCREAS 

Difficulty is often encountered in distinguishing beuween lacrimal, 
parotid and portions of the pancreas in which there are no islands 
of Langerhans. Given an unknown slide for identification. When ex- 
amined under low power it is found to be composed ol unmerous serous 
acini, Jt undoubtedly must be lacrimal, parotid or pancreas. "Che stu- 
dent should first look to sce il any islands of Langerhans are present. 
It he can identily any he can be sure the tissue is hom the pancreas, 
IL none are ound he must use other criteria for differentiating. 

Examine the section to see if there isa definite, well-defined capsule, 
If one is present it is probably parotid. ‘The septa which extend into 
the gland should be broad, compact and separate the glands into definite 
lobes and lobules. The acinar cells should be pyramidal in shape and 
fillecl with highly refractive granules. 

If there is no well defined capsule it is probably pancreas or lacri 
mal, Pancreas has only a thin layer of areolar Uissue around the gland, 
from which relatively lew thin and incomplete septa extend into the 
parenchyma, The acini are closely packed and the cells are pyramidal 
in shape, They diller from cells of the parotid in that they show a more 
deeply staining basal portion which shows striations, and a nore lightly 
staining area bordering the lumen of the acini. The nuclei are located 
more basally than thase of the parotid gland, and contain one or more 
well defined nucleoli, Gentroacinar cells should be identified and are 
diagnostic of pancreas. 

The connective tissue surrounding the lacrimal gland is not ar 
ranged in a compact, definite capsular layer. [Cis more loosely arranged 
and the septa are broad and contain numerous lymphocytes, The acinar 
cells are more columnar than the cells in the parotid and the lumen ol 
the acihi are relatively large as compared to the acinar lumen of the 
parotid, ‘he presence of many basket cells, located between the acinar 
cells and the basement membrane, is also cliagnostic of lacrimal gland, 
The general effect, under low power, ts of definite acinar clusters ar- 
ranged in small groups and relatively large amounts of loosely arranged 
connective tissue, Parotid has a much more compact acinar arrange 
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When the routine Jaboratory study of each of these Ciree glands 
has been completed, the student should take sections ol these three 
glands and make a comparative study based on the above identification 
method, until he has famly fixed in his mind the differentiating char. 
actet istics, 


STUDY OF TITE RESPIRATORY SYSTEM 


Nasa Fossat. 


A frontal section through the nasal region of an advanced embryo 
of a dog, cat or pig will provide satislactory material lor the following 
study. Similar sections Lrom human embryos should be used whenever 
they can be obtained, ; 

Holding the section to the fight, examine it with a hand magnifier, 
Observe; the relation of the nasal fossae to the oral and orbital cavities; 
the median partition (nasal septiim) by which the cavity of the uose is 
divided into right and lelt chambers (lossae); the conchae, curved. proc- 
esses projecting into the fossac from their lateral walls, Note that both 
the nasal septum and conchae aie supported by plates of embryonic 
cartilage. Identily the pils or tubular structures seen in the section in 
the lower part of the nasal septum (Jacobson’s organ). 


Diaw: showing the form of the section and the relation of its parts, 


Examine the nasal fossae with the low power, Observe the respira- 
tory portion of (he nasal epithelium, Note the two or three rows ol 
oval nuclei belonging to the columnar cells of the pseudostratified epi- 
thelium; the round, deeply staining nuclei of the basal cells forming 
only a single 1ow,. Identily the ollactory portion of the epitheliunt 
which lines the upper third, or less, of the nasal Lossue, Note the single 
row of oval nuclei (one of oval nuclei) belonging to the supporting 
cells, below which are several rows of round nuclei (zone of round 
nuclei) belonging to the ollactory cells. 

{n studying the respiatory and olfactory epithelia in this section, it should be 


remembered that the embiyonic character of the tissue makes it more valuable 
for observing their extent than thelr histological suructure. 


JACOBSON’S ORGAN. Note with which type of epithelium, re- 
spiratory or ollactory, the lining of the organ more nearly corresponds. 

Draw: showing (a) the distribuuon of the respiratory and olfactory epithelia, 
as observed in the section: (b) Jacobson’s organ (study with the high power), 

MUCOUS MEMBRANE OF THE RESPIRATORY REGION, 
Examine a section through an interior concha with the high power. 
Observe; the tall, columnar cells of the epithelium, noting ue manner 
in which their oval nuclei are disposed in two or three rows} a single 
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row of deeply stained, spherical nuclei which indicates the position ol 
the basal cells, Note their location between the basal portions of the 
columnar cells. Observe the numerous goblet cells interspersed between 
the cells of the epithelium and the manner in which the epithelia is 
folded, These folds have been interpteted as being pitlike invagina 
tions which represent vestigial glands, Gan any depressed areas lined 
with mucous cells be seen in the epithelium? Note the clearly defined 
and apparently homogenous basement membrane; the subepithelial 
fibroclastic stroma. Note that this tissue cannot be subdivided into a 
tunica propria and a submucosa, The lisse which lies directly beneath 
the epithelium, however, consists of delicate fibers in which numerous 
lymphocytes are present. The deeper fibers ae coarser and merge with 
the periosteum which covers the bone. Note iv the stroma: Dumerous, 
large, thin-walled blood vessels which give the stroma the appearance 
of erectile tissue; mixed serous and mucous glands, 


Diaw: showing the histological characteristics of the respiratory mucous mem- 
brane, 


MUGOUS MEMBRANE OF THE OLFACTORY REGION, lix- 
amine a section through the upper portion of the nasal fossa, a short 
distance below the cribrilorm plate ol the ethmoid bone, Use the high 
power, What lype of epithelium lines the ollactory region? Identily 
the three types of cells present in the olfactory epithelium. tn sections 
where the cell boundaries are uot discernible the recognition of ue 
cells can be made Crom the location and structural characteristics of the 
nuclei. Observe the stustentacular (supporting) cells, These cells are the 
most numerous. What is the shape of the nuclei of these cells? In what 
part of the cell is the nucleus located? Note that they fornia single row 
that is located in the same plane, What is the name of the nuclear zone? 
Are these cells ciliated? Do they possess cuticular borders? Terminal 
bars? Gan you identify the Uwo areas (superficial and basal) of these cells? 
How do they differ? What gives the yellowish color to the superficial 
portion of these cells? Gan you identify the lorked basal portions ol 
these cells? What is the relation of the basal processes of these cells to 
the underlying connective tissuc? Is there a basement membrane pres- 
ent? Identify the olfactory cells, Flow would you classify these cells 
structurally? What is the shape of the nuclei and where are they located 
in the cells? What is the relation of this zone of nuclei to the zone of 
nuclei of the sustentacular cells? Observe the olfactory hairs of the cells, 
What are they, where are they located and what is cheir function? Gom- 
pate these cells with bipolar ganglion cells and note what parts are 
cotnparable, Identify the small, deeply stained uuelel beuveen the 
basal portions of the supporting cells, What is the shape of these nuclei? 
These nuclei indicate the position of the basal cells, What is the char- 
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acter of the cytoplasm of the basal cells? Observe the stroma, similar in 
general Lo that of the respiratory region in that itcontains blood vessels 
and lymphatics, Note the Inanched tubular glands (allactoty glands of 
Bowman). Two or thice of these glands may be found communicating 
with a large ampullalike structure, the cells of which contain pigment 
and add to the colotation of the olfactory epithelium, ‘This enlaped 
structure communicates with the surface af the epithelium by a single 
duct. Identily the bundles of fibers (filia ollactoria), the extended basal 
plocesses (axons) ol the olfactory cells—noting their position between 
the epithelium and the stoma, 


Draw showing the histological saucture of the olfactory epithetian, 


Tin Larynx ' 


THE EPIGLOTTIS, Fxamine a longitudinal section of the epi 
glottis with the lower power, Follow the stiatified squamous epithelium 
fiom the pharyngeal smlace over the free border of the epiglottis to 
the laryngeal surface, Note that below the adifus or superior opening 
of the larynx, the epithelium changes lrom statified squamous to the 
pseudosuatified (stratified columnar?) type, Observe the small groups 
of mixed scrous and mucous glands in the connective tissue between 
the epithelium and the supporting cartilage, Are glands present in the 
mucous membrane as it passes over the lice border of the epiglottis? 
Note the plate ol elastic cartilage which gives support Lo the mucous 
membrane of the epiglotuis; the considerably thickened connective 
tissue at the base ol the epiglottis, forming the glossopharyngeal 
ligament. 

Draw: showing the snucture of the epiglottis, 

LARYNX AND PIARYNN 

Using a hand magnifier, examine a section through the larynx and 
pharynx at the level of the vacal cards, Identify: the thytoid cartilage; 
the cricoid cartilage, noting its position between the wings of the 
thyroid cartilage; the arytenoid cartilages. What is their position in 
telation (o the cticoid cartilage? The position and stiucture of the 
pharynx and its iclation to the larynx have aheady been studied, 
Observe: the vocal cords, fibrous cords which are attached, anteriorly 
to the thyroid cartilage, and posteriorly to the vocal processes of the 
arytenoid cai Lilages; the Lhyroarytenoid muscles, striated muscle fibers 
attached anteriorly to the thyoid cartilage and posteriorly to the sides 
of the vocal processes of the arytenoid cartilages; the arytenoideus mus- 
cles, represented by a mass of striated bets posterior to the cricoid and 
arylenvid cartilages. 
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Study the section with the high power, noting the type of epithelium 
on the vocal cords. 
Draw showing the suuctme of the hyn as observed in the section. 


TILE VOCAL CORDS. Told a longitudinal section of the layns 
to the light and examune with a hand magnifier, Obsers ce the thyroid 
cartilage, a laige plate of hyaline cartilage by which the tissues of the 
larynx are supported; the large, membranous superion folds (lalse vocal 
cords); the inlerior lolds (true vacal cords), Note that the ue vacal 
cords are somewhat smaller than the lalse cords: the lu yngeal ventricle, 
the large diverticulum between the superior and inferior folds, 

Make an outline drawing of the suuctues observed. Lhis outline should be 
sufliciently Luge to mclude the details to be abserved later. 


Examine the section with the low power, Observe: The changes 
which take place in the form ol the epithelium. What kind of epi- 
thelium lies upon the superior fold? Over the inferior lold? Below the 
inferior fold? Observe the subepithelial counective tissue. Note that it 
consists of delicate fibers bath collagenous anc clastic, and contains 
numerous lymphocytes which form diffuse aggregations and nodules. 
In what portions ol the larynx are nodules and difluse patches ol 
lymphocytes most abundant? Observe the submucosa, consisting ol 
coaser fibers of collagenous and clastic tissue. Note the large, thins 
walled blood spaces and small groups of mixed serous and mucotts 
glands. Are glands and lyniphoicl tissue present in the region of the 
true vocal cords? Identily the thyroarylenoid ligaments; these ligaments 
form the true vocal cords, Gampure with the iransverse section of the 
larynx previously studied, Note that the cords have been cut tans 
versely, and that the highly refractive ends of the elastic fibers can be 
seen between the somewhat larger bundles of collagenous fibers, Iden- 
(ily the thyroarytenoid muscle, consisting ol striated fibers located he- 
uween the chyroarytenoid ligament and the thyroid cartilage, Identily 
the cricoarytcnoid muscle, striated fibers appearing between the cricoid 
and thyroid cartilages, Identify the cricoid cartilage, a naiow plate of 
hyaline cartilage below the thyroid cartilage. The structure of the 
mucous membrane below the inferior folds and the form of its epi- 
thelium are similar to and are continued in that which occurs in the 
trachea, 


Draw: showing the histological structure of a section through the vocal cords, 
Tie “PRacuna 
Hold a cross section of the trachea to the light and examine with 


ahand magnifier, Note that it isa membranous uthe, the walls of which 
dre supported by incomplete rings of hyaline cartilage, Note that these 
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rings are open toward the esophagus, this portion of the Gachea being 
considerably flattened. 

Examine the section with the low power, using the high power when 
necessary for verifying the more specific details of structure, Observe: 
the mucous membrane; note that it consists ol a pseudostratified (strati- 
fied columnar?) epithelium, the free surfaces ol the epithelial cells 
being abundantly suppled wiith cilia, Note, also, that nimerous goblet 
cells are present antong the epithelial cells, Identily the tunica propria, 
a Jayer ol reticular fibers, immediately beneath the epithelium. Note 
the well-defined basement membrane on which the epithelium rests; 
the scattered fymphocytes in the unica prapria; collections of lymplioid 
tissue in che Loum of difluse patches and small nodules. In sections which 
have been prepared with selective stains, numeions elastic fibers will 
be seen in this layer, and they are especially numerous between the 
tunica propria and the submucosa, Observe the submucosa, a layer ol 
collagenous and elastic fibers located between the mucous membrane 
and the tracheal cartilages. Note the blood vessels and nerves contained 
in this layer; also groups ol mucous glands, their serous clements being 
in the form of demilunes situated externally to the mucous cells, 
Glassily these glands according to stiucture, Wherever possible, ace 
the ducts of these glands to their openings on the surlace of the epi- 
thelium, Observe the posterior part of the wall of the trachea, noting 
that it consists of a mucous membrane, a submucosa and a layer of 
circularly directed smooth muscle fibers, che trachealis niuscle, which 
are allached to the lee ends of the tracheal cartilages. Note the manner 
in which the mucous membrane is folded, also the groups of glands in 
the submucosa, What is the position of these glands in relation to the 
wachealis muscle? Identily the tracheal cartilage; note that the sur 
rounding connective tissue is condensed on the surlaces ol the cartilage 
to form the perichondritim., Observe the loose adventitial tissue which 
forms the externa] investment of the trachea, 

Draw: showing (1) the gencral nppearance of the trachea ns seen in the section 


under low power: (2) the details of its structure as scen in the study of a small sec: 
tion of the uacheal wall with the high power, 


‘Tun Lunas 
BRONCHI AND BRONGUIOLES 

Examine a section through the hilum of the lung with the low 
power, Bianches of the pulmonary and bronchial vessels, lymph nodes, 
bundles of nerve fibers and a considerable amount of pulmonary Lissue 
may be observed in the section, in addition to the bronchi and 
bronchioles. 

Examine a typical bronchus, Observe the bronchial cartilages, 
noting that they consist of a serics of irregular cartilaginous plates. Note 
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their arrangement around the wall of the bronchus, Obser ve the mucosa, 
What is the type of epithelium that lorms the lining ol the Dione tus? 
Is there a well-definedt basement membuane? Note the Gunica proprid 
a layer of subepithelial connective lissue in which NUIIEY OUS.4¢ aie ed 
lymphocytes are to he seen. Find difluse aggregations of lympho 
tissue; also small lymph nodules which may be present. Observe the 
muscular layer; docs it form a complete or incomplete ring of smooth 
muscle fibers encircling the wall of the bronchus? Note tie position ol 
this muscular ring in relation to the bronchial cartilages. Identily the 
coarse collagenous and elastic fibers which lorm a thin layer beaween 
the muscular ring and the bronchial cartilages. Note that this layer can 
be traced between the cartilage plates and continues over their external 
surlaces. It thus appears that the external wall of a bronchus is a rela- 
tively thick layer of fibrous tissue into which, tor ils support, the 
cartilages have been inserted, Locate small groups of mucous glands. 
Note their position, What is ubeir relation to Lhe muscular layer? Tl 
possible find a duct which can be (raced [rom these glands, through the 
muscular layer, to the surlace of the epithelium, Note also that sonie ol 
the glands are located in (he tissue between the cartilages, with a few 
lying external to the cartilages, ‘Phe fibrous tissue containing these 
glands can be compared with what layer in the wall of the alimenuny 
canal? The ring of smooth muscle fibets is to be compared with what 
layer? 
(IIE PULMONARY “TISSUE 

Identily one or two respiratory bronchioles, which are subdivisions 
ol the terminal bronchioles. What type of epithelium tines these bron 
chioles? Ave these cells ciliated? Note that a number of alveoli open 
into these bronchioles, What docs this indicate concerning the June 
tion of these tubes? Do the terminal bronchioles have a respiratory 
function? Can you identify muscle fibers in the walls of the respiratory 
bronchioles? How do these bronchioles terminate? Edentify the alveolar 
ducts, Wwo or more of which may be seen branching out from a single 
respiratory bronchiole, Look lor muscle fibers in the walls of the 
alveolar ducts, Note the number of alycoli which open into these ducts. 
Define and identify an atria, Observe the alveolar sacs. What type of 
tissue forms the walls of the sacs? Are muscle fibers present? Identily 
alveoli which open into the alveolar sacs and the atria. 

Fxamine uhe walls of the alveoli with the high power, The oil 
immersion can also be used to advantage for this study. Gan you verily 
the presence of an epithelial lining in the alveoli? Observe the capillary 
branches of the pulmonary artery, which are located between the walls 
al adjacent alveoli, Note the delicate connective tissue by which the 

> qapillaries are supported. Elastic fibers are abundant in this tissue, but 


me 
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can be demonstrated only by the use of special stains, Identify the septal 
cells (macrophages) in the connective tissue of the walls ol the alveoli, 

Hxamine a section ol the periphery of the lung and identily the 
pleura, What type ol cells form the lining of the plema, Observe the 
thin layer of subepithelial connective tissue; does it contain any muscle 
fibers? 

From your observations reconsuuct a diagrammatic representation of the 
primary Jobule of the lung, showing the disuibution and rclauienships of the blaod 
vessels to this pulmonary structure, 


BLOOD SUPPLY OF THE LUNG. Ixamine a section of an 
injected lung with the low power. Note the position of the pulmonary 
vessels in the intelobular connective tissue; the smaller branches of 
these vessels which follow the divisions of the bronchioles in the lobules: 
the finely meshed capillary network between the adjacent air spaces, 

Diaw: showmng the disuibuuon of the pulmoniny vessels and uhen relation to 
the pulmonary stiuctures in the lings. 


METHOD OF IDENTIFICATION OF LONG 
Identification of Jung tissue should offer the student no difficulty, 
It is sometimes carelessly confused with bone matrow, but (his is rather 
inexcusable since bone marrow smears or sections are entirely cellular 
(omall vessels or Liagments of bone may he present) and there are no 
epithelial lined cubes such as are Cound in the lugg and which are sce- 
tions of the tbes of the bronchial tree, 


STUDY OF TITHE URINARY SYSTEM 


‘Tre Ripney 

Examine a kidney which has been sectioned longitudinally, the 
section passing from the curved lateral border through the renal sinus. 
The use of a hand magnifier will aid in identifying the parts ol the 
kidney which may be observed in the section. Identify: the medial and 
lateral borders; the superior and inlevior poles; the hilum, a deep notch 
in the medial border through which the 1enal aitery enters and the 
renal vein and ureter leave the kidney, Note that the hilum is the 
entrance to a decp, baylike space almost completely surrounded by 
the substance of the kidney, the renal sinus, Observe the renal pelvis, 
which is the expanded upper portion of the ureter as it approaches the 
hilum, Note that in the renal sinus the pelvis divides into lvo or three 
membranous extensions, the major calyces, Each major calyx is sub- 
divided into a number ol smaller extensions, the minor calyces, into 
which the apices of the renal papillae project. Observe the division of 
the substance of the kidney into cortex and medulla. The medulla 
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consists of a mumber of pyramids Qenal o Malpighian pyramids), 
Note the manner in which the apex of each renal pyramid projects into 
a calyx. Occasionally two or more papillae may be louncd occupying the 
same enlyx. Do any ol the pyramids show a tendency to be lobulated at 
their bases? What does this signify? Phe corlex les between the bares 
of the pyramids and the capsule, Note that portions of the coutex 
extend toward the renal sinus between the renal pyramids, the renal 
columns (columns ol Bertini), 

Examine the pyramids with a hand magnifier, Observe their striated 
appearance which is due to the presence and parallel arrangement of 
the collecting tubules which form the greater part of the medullary 
substance, Identify the medullary rays which are lound hy the con- 
tinuation of the tubules from the pyramids into the cortex. (It should 
be borne in mind that in following the course of the urine through the 
tubules, it passes from the tubules in the cortical medullary rays to the 
tubules in the medulla.) The medullary rays, sometimes called the 
cortical rays, lorm the pars radiata ol the cortex. The portion of the 
cortex between the rays fs the pars convaluta or cortical labyrinth, Note 
the small granulelike bodies in the convoluted portion of the cortex. 
These are the i¢cnal or Malpighian corpuscles. Observe the capsule, 
which isa thin investing layer of fibrous tissue which is firmly attached 
to the surface of the kidney, Follow the capsular tissue into the renal 
sinus and note that it expands into the connective tissue which fills the 
space between the renal pelvis and the substance of the kidney, Note 
the manner in which this tisstie surrounds and supports the renal vessels 
as they pass through the sinus, Identify these stuuctures in a cross section 
of the kidney, 


Draw: showing the suncture of the kidney as [tL appears in gross section. 


Examine the different paris of a section of kidney with the low 
power, Observe (he renal pelvis. Note that its walls consist of a layer of 
transitional epithelium, a layer of subepithelial fibroelastic tissue, a 
layer of smooth muscle fibers arranged in longitudinally and circularly 
disposed bundles and an external layer of loose fibrous tissue (adven- 
tilia), which blends with the capsular connective tissue in the sinus. 
What is the relation of the calyx to the renal papilla? Note that the 
transitional epithelium becomes thinner as it passes from the renal 
pelvis into the calyx, Follow the epithelium as it is reflected from the 
wall of the calyx to the surface of the renal papilla, Observe the 
uriniferous tubules, noting their straight course in the medullary rays 
and the pyramids, as compared with the toruious course of the con- 
vohited arrangement of the tubules beaween the medullary rays, noting 
iheir relation to the renal corpuscles, Observe the cortical character ol 
the tissue between the pyramids (cortical columns of Bertini), 
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Examine the cortex with the high power, Observe a renal con puscle, 
noting that it consists of a series of closely coiled capillary loops, the 
glomerulus, which is enclosed by the awa layers of Bowman's capsule, 
Tdentily the uwvo layers of the capsule: the outer or parieutl layer and 
the inner or visceral layer. Note that the visceral layer is closely applied 
to the loops of the glomerulus, The epithelial cells ol both layers are 
quite thin, those of the inner layer being thinner than those of the 
outer layer, Tdentily the neck which connects the renal corpusele with 
the proximal convoluted tubule, Note that ft is a short Gube, formed of 
flattened cells that enclose a narrow lumen, Ideutily the aflarent and 
efferent arteries which enter and Jeave the capsule ata point called the 
vascular pole, which is opposite the neck. Alter entering the capsule 
the afferent artery breaks up into the capillary loops of the glomerntus, 

Identily the proximal convolited tubules. Note: the manner in 
which these tubules are grouped about ure read corpuscles Uteir nar 
row, somewhat irregular lumen, and that they constitute the greater 
portion of the pars convoluta. What is the shape of the cells that ling 
the proximal convoluted tubules? Observe the shape and location of 
their nuclei. Notice that the darker basal portion of the cell has a 
strialed appearance. What produces these basal striations? Note the 
lighter peripheral portions of the cells, Identify the brush border of 
the cells which give their {ree surface the appearance of being ciliated. 
Identify the distal convoluted tubules, They are fewer in number and 
located within the Joops formed by the proximal tubules. Note that the 
cells which form their epithelial lining, are lower than those of the 
proximal tubules, the lumen of the distal Gubule being correspondingly 
larger; the faintly marked basal striations; Lhe absence of a brush border, 
Observe the arched (junctional) Gubules; to be identified by the cuboidal 
form of their epithelial cells, their clear cytoplasm and deeply stained, 
spherical nuclei; the definite oucine of the lumen, Observe the descend: 
ing limbs of Henle's loop. Note their flattened epithelial cells: their 
large, oval nuclei; the bulging of the cytoplasm by which (he nuclei are 
enclosed, Tio or three nuclei may be seen in a single section of this 
portion of the uubule, Identify the ascending limbs af Hente's loop. 
Note their low cuboidal epithelial cells, with small spherical, deeply 
staining nuclei. Can basal striations and granules be observed in these 
cells? Four or five nuclei should be seen in a single section of this por- 
tion of the tubule, Note that the epithelial cells of all portions ol the 
urinifcrous tubules rest on a basement membrane which, although it 
is homogeneous in appearance, is fibrillar in structure, The connective 
tissue fibers, which are adjacent to the basement membranes of the 
tubules, ave longitudinal in direction anc Lorm the external layer of 
the tubular wall, 


w 
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Ie is essential Chat the nommal amount of inter stinial tissie should be 
carefully phserved, sinee any consilentble Increase ob this issue indi- 
cates a pathological condition, 

Draw a venal capuscle sanounded by the proxinal and distal caryalated 
tubules, (he Hmbs of Henle’s loop and the ached tubules, 

Examine a section through the apex of a renal papillae with high 
power, Observe the collecting tubules, Note the cuboidal cells which 
form their epithelial lining; the clear cytoplasm ol these cells: thei 
deeply staining, spherical nuclei; their lirge, well-defined lumina. 
Identily the descending and ascending limbs of Henle's leaps, 

BLOOD SUPPLY OF THE KIDNEY, Examine a section of an 
injected kidney with the low power, Tdentily the cortex and the 
medulla, the latter being represented by the renal pyramids. Observe 
the large, interlobar vessels, noting (heir location between the cortical 
columns and the pyramids. If possible trace these arteries to their con- 
nection with the renal artery in the sinus, These arteries are branches 
of the renal artery. [In their course between the pyramicls, they follow 

. extensions of the connective tissue Crom the sinus. Note chat these con- 
nective tissue extensions form incomplete septa. Identify the arcuate 
(arcilorm) arteries, Note their Jocation in a nurew strip ol connecuve 
tissue between the basal portion of the pyramids and the cortex, Iden- 
uly the interlobular arteries, they are branches of the arcuate arteries 
which extend perpendicularly toward the periphery of the cortex, 
Locate the aflerent arteries (vasa aflerentia) branches which pass later. 
ally from the interlobular arteries to the glomeruli. Notice the glomer 
uli, capillary loops located within the capsules of the renal corpuscles. 
Identily the efferent arteries (vasa eflerentia), small vessels through 
which the blood leaves the glomeruli, How does the size ol an efferent 
artery compare with that of an afferent artery? What does this seem to 
indicate regarding the function of a glomerulus? Vollow (he brancles 
ofan offerent artery. To what are they distributed? Identify the arteriae 
rectae; follow their course to the medulla, They end in relation to 
what structures? 


Draw: showing the distribution of the blond vessels (arterial) to the different 
structures in the kidney, 

[xamine a renal corpusele with the high power, Observe: the inner 
and outer layers of Bowinan's capsule; the capillary loops which form 
the glomerulus; the allerent and eflerent vessels which convey blood to 
and from the glomerulus. 


Draw: showing the glontarulus as it appears in relation to the structures of the 
eupsule, 
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Thre Urerer 

Examine a section of the ureter wit (he low power, Observe: the 
mucous coat, noting that it consists of an epidielium resting on a deli- 
cate subepithelial connective Ussues the muscular coat, noting the direc: 
tion of the fiber bundles of the inner layer; their separation by inter- 
vening septa of connective tissue; the more definitely formed layer of 
circular fibers; the less scattered arrangement of the longitudinal 
bundles of the outer layer. The fibers of the outer layer, however, are 
Not so compactly arranged as those of the middle layer, Identify the 
adventitia, a layer of loosely arranged fibroclastic tissue. 


Draw: showing the appearance and siucane of the meter as seen in the section, 


Examine a portion of the section with high power. Observe the 
form and arrangement ol the cells ol the epithelium which lines the 
ureter, Classily this cpitheliam, Observe the stroma, a subepithelial 
layer of connective tissue consisting of delicate fibers and having move 
or less the appearance of a reticulum, Note that muncrous lymphocytes 
are present in this tissuc. A narrow band of coarser fibers, sometimes 
called the submucosa, may be seen between the subepithelial connec. 
tive tissue and the muscular coat, This layer is hrequently absent and 
when present is distinguished wich difficulty, Observe the muscular 
coat, noting that the inner bundles are somewhat scattered; the fiber 
bundles, in the middle of the muscular coat are more compactly 
arranged, while those of the outer layer are Jess compactly formed 
Note that the third or external layer is more evident in the lower half 
of the ureter, 

Al the entrance of the ureters into the bladder, the circular fibers 
are considerably strengthened and form a sphincter which acts to keep 
the ureter closed except when urine is being discharged into the bladder, 

Observe the loosely arranged fibers of the adventitia, noting that 
the fibers ol this coat, which lies next 10 the muscular coat, are com- 
pacted lo form a sttong supporting structure for the outer wall of the 
ureter, Note, also, in this layer, blood vessels, nerves and small groups 
of ganglion cells. 


Draw; showing the histological structure of the wall of the uretor, 


Tun Blanner 


Examine a section through the body of the bladder with the low 
power, Observe the epithelium. What type of epithelium lines the 
bladder? Note its thickness, How does it compare in this respect, with 
the epithelium of the ureter? Note, also, the way in which it is lolded 
to form pocketlike invaginations, Observe (he subepithelial connective 
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tissue, As in the ureter it consists of an inner part composed of delicate 
fibers and containing numerous lymphocytes, anc a layer of consider. 
able depth, composed of coarse (ibrous tissue. 

The wnica propria and the submucosa are not separated by a musculais 
mucosae or some similar suuciue as in the alimentary cal, but gradually mage 
into one another, thus forming a stronta, 


Small nodules of lymphoid tissue should be sought in the stroma; 
these are usually found in association with bload vessels, Small groups 
of ganglion cells may alsa be found in this layer. Observe the muscular 
coal, noting its exceptional dhickness, Although the wall of (he bladder 
consists of a considerable amount of fibrous tissue, the bladder is essen- 
tially a muscular organ. As far as possible, identily the (hree layers com- 
posing the muscular coat. These layers encroach on one another to 
such an extent that they are not clearly defined in sections. Examine 
the adventitia, a layer of loosely arranged fibrous and clastic tissue 
which forms the onter coat of the bladder. Is a serous membrane pres- 
ent? Note the blood vessels, nerves and small groups of ganglion cells 
which are present in this layer, 

The connective tissue sepla between the muscle bundles are extensions of the 
general connective issue Investment of the bladder, The blood vessels and nerves 
follow the pathways provided by these sepia as they pass to the various structures 
in the wall of the bladder, 

Draw a portion of the wall of the bladder showing its histological structure, 

With a low power examine a section through the trigone. Follow 
the above outline for observing its general structure. Identify the 
crypts which are small, pockctlike invaginations of the epithelium. Note 
that some of these structures do not have a lumen, while others do, Is 
there any evidence of sccretory activity on the part of the crypts in 
which a lumen is present? Note the greater complexity in the arrange- 
ment of the muscle bundles, also the increased thickness of the muscu- 
lar coal, Note that the muscular tissue lies directly in contact with the 
subepithelial connective tissue; the submucosa, as observed in the sec- 
tion of the body of the bladder, being absent in the trigone. 


Draw a portion of the trigone showing the histological suwucture of ils parts; 
also the differences to be observed between it and the body of the bladder, 
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Tre Tuyrom GLanp 
Examine a section of the thyroid gland with the low power, Observe 
the follicles. Notice the variation iu the shape and size of these struc 
tures which appear in the section as spaces enclosed by a cellular wall. 
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If possible, find follicles which are communicating with one another, 
Identify the capsule which consists of a chin layer of connective issue 
which lies on the surlace of the gland. Observe the septa, which are 
delicate connective tissue extensions of the capsule that enter the sub- 
stance of the gland and divide it into primary and secondary lobules, 
Examine the interstitial (interfollicular) tissuc. This tissue consists 
of loosely arranged fibers of connective issue that extend from the 
capsule and fill tbe spaces between the follicles. Note that this tissue 
contains numerous blood vessels. In injected material you can see that 
the terminal capillaries form closcly meshed capillary plexuses about 
the follicles, Observe the interfollicular cells which are cordlike masses 
of epithelial cells in the interstitial tissue, Note the extent to which 
these cell masses would resemble follicles if they were provided with 
lumina, Examine the colloid which is a homogencous, hyaloid sub- 
stance which stains with cosin (acidophilic), noting that it occupics 
the greater part of the space in the Lollicles, 

Examine a portion ol the sane section with the high power, Observe 
several follicles and notice the height of the lining epithelial cells, Are 
the epithelial cells low or tall in an actively secreting follicle? tT the 
section being studied are the cells of all of the lollicles the same height? 
Explain this condition on the basis of the functional activity of the 
gland, Is there any correlation between size of follicle, quantity ol cons 
tained colloid and height of the lining epithelium? Examine the inter. 
fibrillar spaces in the interstitial connective tissue. In the living condi- 
tion these spaces are filled with a lymphlike fluid. Note that small 
amounts of colloid may be seen in some of these spaces. Tdentify the 
blood vessels in the interstitial tissuc, noting the close relation of the 
sinallcr vessels to the follicular walls, Examine the colloid contained 
in the follicles, Note the vacuolated spaces between the colloid and the 
‘wall of the follicle, Ave vacuoles, epithelial cells, droplets ol mucus to 
be found in the colloid? Observe the masses of interfollicular cells, Do 
the cells of the follicular epithelium rest on a basement membrane? 

Draw: showing the histological character of the structuics observed In the 
thyroid. 


Tne PARATUYROIDS F 


Examine a section of a parathyroid first with low power, then with 
the high power. Observe the capsule, an investing layer of connective 
tissue in which a considerable quantity of fat may appear. Observe the 
epithelioid cells, closely packed into cords and masses, Note the wide 
sinusoidal spaces between the cell aggregations, 

Identily the chief cells, These cells make up the greater proportion 
of the parenchyma. They may be recognized by their clear, nongranular 
cytoplasm, their relatively large, vesicular nuclei. Because the nuclei 
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are 1clatively larger, these cells appear somewhat darker than the 
oxyphil cells. Identily the clusters of oxyphil cells. Note their cosino- 
philic cytoplasm, and their relatively small nuclei. Compare the also. 
lute size of the nuclei of oxyphil cells with the nuclei of the chief cells. 
Note that the oxyphil cell is larger than the chief cell. Also note the 
increase in amount of cytoplasin of the oxyphil cell as compared to 
that in the chief cell, Observe the cashy distinguishable cell outlines 
in the clusters of oxyphil cells, Notice also the variations in the sizes 
of these clusters, Observe the thin septa of connective tissue which 
surround the cell aggregations and support the sinusoids, 


Draw: showing the histological suuctune of a parathyroid gland, 


The ADRENAL 


Examine a section of the advenal with the low power, Observe: ‘The 
connective issue capsule, and the division of the gland into cortex and 
medulla. Examine the sectioned surlace of a freshly obtained adrenal, 
noting the difference in the color of the cortex and medulla, 

Examine the section with the high power, In the cortex observe the 
cordlike arrangement of the epithelial cells, Look for the thin strands 
ol fibrous tissue between the cords, noting that they are extensions of 
the capsule, Observe the division of the cortex into zones: (a) the outer 
zona glomerulosa, in which the cells present a spherical or coiled 
arrangement, What is the shape of the cells in the glomerular sone? 
What is the character of their cytoplasm? What is the form and appear- 
ance of their nuclei?; (b) the middle zona fasciculata, in which the cells 
are arranged in long, parallel columns, What is the shape of the cells in 
the columns? Flow many cells are included in the width of a column? 
What is the character of the nuclei of these cells? What observable char- 
acteristic of these cells explains the term “spongiocyte”?; (c) the inner 
zona reticularis, to be recognized by the reticulate arrangement of the 
cell cords; also by the darker color of the cells. Note the thin-walled 
sinusoids which occupy the meshes of this retictilum; note also how 
closely the endothelial lining of these sinusoids is applied to the cells 
of the cords, 

Observe that the niedulla occupies a position in the middle of the 
gland, Note the cell cords which form an irregularly meshed network 
adjacent to the zona reticularis of the cortex. Are the cords in the 
medulla continuous with those of the cortex? What form is assumed by 
some of the cells? How is this change of form to be accounted for? What 
is the characteristic color of these cells? What nervous elements can be 
identified in the medulla? Identily the large cenural. vein through which 
the blood leaves the adrenal. 

Draw: showing the histological structure of tha adrenal as seen with the high 
power 
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éxamine a section of an injected adrenal with the low power, Ob. 
serve the branches which form the vascular plexus in the capsule, Fol. 
low these branches as they pass downward between the cell columns 
from the capsule into the cortex. Note the capillary plexus about the 
glomerular zane; also the capillary network about the columns of the 
Jasciculate zone, Observe the elongated meshes of this network, Iden. 
lily the sinusoids between the network formed by Lhe cell cords of the 
rona reticularis, Note the similar, but somewhat larger blood spaces 
between the cell cords in the medulla. Identily the large central vein 
which is located in the connective lissue in the middle of the medulla, 


Diaw, showmg, the vascular structures of the adrenal as seen in the section, 


‘Trt PARAGANGLIA 


Examine a section ol the carotid body with the high power, Observe 
its position in relation to the arterics, Identily the capsule, formed by 
acondensation of the connective Lissue by which the body is stn rounded. 
Examine the arrangement of its epithelioid cells in cords and masses, 
noting the manner in which they are separated by extensions ol the 
connective tissue from the septa, Observe the relatively wide spaces 
occupied by the capillary sinusoids. Note the close relationship between 
the epithelioid cells and the capillary spaces. Also note that the rich 
vascular character of the body is indicated by the number of the vascular 
spaces and small capillary vessels in the capsule. Identify bundles of 
nerve fibers, noting that they are related to small groups ol ganglion 
cells, 

‘To distinguish between the chromaffin cells and the supporting cells, 
matcrial should be used which has been treated with potassiunt dichro- 
mate, or another of the chrome salts. 


Draw: showing the histological details of the section ns seen with the high power, 


Tur Hyrorriysis 


Hold a section of the hypophysis to the light and examine it with 
ahand magnifier, Identify and note the diflerence in the size and appear- 
ance ol the anterior, posterior and intermediate lobes. The anterior 
lobe will be seen to be cellular in structure, while the posterior lobe 
appears to be fibrous. The somewhat indefinite intermediate lobe may 
be recognized as epithelial lined spaces containing colloid, located be- 
tween the anterior and posterior lobes, 

Examine the section with the low power, Identily the anterior lobe 
(pars distalis), Note the fibrous issue capsule that envelops the organ, 
The capsule is derived from the portion of the dua mater which fornis 
the diaphragma sellae. Obseive the arrangement of the cells in cords 
and masses between which are clearly defined vascular spaces, the 
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sinusoids. Find aggregations of cells which resemble acini, Do these cell 
agregalions possess at lumen? Ts there a substance contained in the 
Jumen? Note the different staining properties of the cells, On the basis 
of thei staining reaction, identify the acidophilic, basophilic and 
chiomophobe cells, Which type appears to be the most numerous? 
Which type appears to be the least numerous? Gan you make out any 
pattern ol disuibution of these types? Identily the pars intermedia. 
What types of cells aie preseut in this area? Note the formation al 
follicles. What is the form and character of the cells of the follicular 
walls? Ts colloid present in any ol the follicles? Locate the narrow cleft 
(interglandular cleft) between the pars intermedia and the pars distalis, 
What is this cleft supposed to represent? With what kind of cells is it 
lined? Are any of these cells provided with cilia? Tf cilia are observed, 
how would their presence be explained? Examine the pars nervosa 
(posterior lobe), Note that it consists of fibrous tissuc in which a numba 
of irregularly shaped cells are present, In specially stained material 
these cells will he seen to be both stellate and fusiform in shape and to 
be provided with delicate protoplasmic processes, Their dark appear- 
ance is due to the fine pigment granules present in their cytoplasm, 

‘xamine the section with high powers, Identify the different types 
of cells in the pars clistalis. While these cells can be distinguished in 
hematoxylin and eosin preparations, the best results are obtained when 
special stains have been used, Observe: the alpha (aciclophil) cells, 
These are the most numerous of the chromophil cells and may be ree- 
ognised by the large, pink-staining granules in their cytoplasm: the beta 
(basophil) cells, ‘hese ave the Jeast numerous of the cells in the anterior 
lobe and may be recognized by their somewhat smaller, basophilic 
granules: the chief (chromophobe) cells. These cells are to be identified 
by their small size and their nonstainable, slightly granular cytoplasm. 
Note that the outlines of these cells are readily discernible, Observe 
and compare the nuclei of these three types ol. cells, 


Draw a number of the cells observed, indicating their distinguishing charac 
teristics and their relation to one another and to the sinusoids, as seen in the 


secon, 
Lt removing the brain fom the skull, unless great care is exercised, the hypophy- 


sis becomes separated fram the stalk, below the dlaphiagmn sellae. Lor this reason 
the pars tubularis is not usually present in sections, When present its cells will be 
found to be predominantly of the chromophobe type, with thelr frequent arrange: 
ment in the form of follicles containing colloid, 


Tur Prneat Bopy 


Examine a section of the pineal body with the high power, Observe 
its general form, Locate the stalk by which it was attached to the roof 
of the brain, Note the fibrous character of the stalk and the ependymal 
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608 LABORATORY DIRE 


cells by which its cavity (pincal recess) is lined. Obseive the capsule, 
consisting of fibrous tissue which is continued fom the pia mater, Note 
the delicate septa extending from the capsule into (he organ and clivid- 
ing it into small, irregular lobules. Examine the cells which form the 
parenchyma of the pineal body. ‘These are mainly of two types: sinall 
cells having a scanty cytoplasm and small, deeply staining nuclei, and 
larger cells with pale vesicular nuclei, the cytoplasm of which is reticu- 
lated or contains acidophilic or basophilic granules. Find cells which 
have assumed the Lorm ol. small Lollicles and contain calcareous concre- 
tions (brain sand). 


Diaw; showing the histological suacture of the pineal body. 
STUDY OF TILE SKIN AND I'S APPENDAGES 


Trin Skin 

With the low power examine a seclion of the skin from the palm of 
the hand. Observe the epidermis, noting its thickness; the ridges (crista 
cutis) into which its surlace is moulded; the furrows (sulci cutis) be- 
tween the ridges, Observe the subepidermal tissue, the corium, Identify 
the subculancous connective tissue, the tela subcutanca, Note the sepa- 
ration. ol the bundles of fib.ous issue in this layer, and the masses of 
fat cells which occupy the spaces between them. Observe the dermal 
papillae, which are moundlike, or fingerlike elevations of the corium 
projecting into the deep surface of the epidermis, Identify the sweat 
glands, Jong, slender, tubular structures which end ina number of coils 
in the deep part of the corium or in the tela subcutanca, Note the spiral 
formation of the ducts of these glands as they pass through the epicermis. 


Diaw: showing the general appearance and stuueture of the skin as seen in the 
section. 


Examine a portion of the section with the high power, Observe the 
epidermis noting: 

The stratum germinativum; its depth; its basal 1ow of cylindrical 
cells (stratum cylindricum) which rests on a thin layer of reticular 
fibers (tunica propria); the succeeding Jayeis ol polyhedral cells; the 
separation of the cells in the intermediate layers; the delicate proto- 
plasmic bridges which cross the intervening spaces and join the cells to 
one another; mitotic figures, which may be scen in the cells of some of 
the deeper layers of the stratum germ inativum. 

The stratum granulosum, consisting of thiee or Lour rows of spindle- 
shaped cells. Note ils position in relation to the stratum germinativam; 
the deeply stained granules of keratohyalin, with which the cells are 
filled; the pale spherical nuclei. 
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The stratum lucidum, a narrow, colorless, apparently homogencous 
layer between the stratum granulosum and the satum comeun, By 
earelul focusing and proper manipulation of the light the oudines of 
the cells in this layer can be made out, What are the shapes of these 
cells? Ave the nuclei visible? Why are the outlines and cellular con- 
stitnents of the cells in the deeper portions of the suratum corneum dis« 
cornible, while those of the stratum lucidum are nearly or quite 
invisible? 

The stratum corneum, extending from the stratum lucidum to the 
surface, Note that the cells, which are spindle-shaped at first, become 
increasingly fattened as they approach the surface on which they appear 
as thin, coinified scales, 

The corium, noting its division into a papillary layer and a reticular 
layer. What is the diflerence in the histological structure of the two 
layers? 

Examine the tela subcutanca, noting the wide separation of the 
bundles of fibroclastic tissue and the masses (lobules) of Lat cells which 
occupy the spaces between them, 

Identify Mcissner’s co puscles in the dermal papillae; also Pacinian 
corpuscles in the subcutancous tissue, The corpuscles can be best ob- 
served in sections of the skin from the tip ol the finger. 


Diaw: showing the histological structure of the skin as observed in following 
the foregoing outline, 


examine an injected section of the skin with the low power, Observe 
the larger arteries passing Unrough the tela subcutanea to the corium, 
Note the small vessels which form a network in the deep portion of the 
corium (subcutaneous plexus), Note, also, the network of smaller ves- 
sels just below the papillary layer (subpapillary plexus), ‘Crace branches 
from the subcutaneous plexus to the secreting portions of (he sweat 
glands and to the fat lobules. Also trace branches from the subpapillary 
plexus to the papillae, in which they form capillary loops, Is there any 
difterence in the blood supply to a papilla in which a Meissner's cor- 
puscle is located and one in which a corpuscle is not present? 

Observe two or three sweat glands with the high power. Note: the 
coiled, secreting portion of the gland located in the deep part of the 
corlum or in the loose areolar tissue below the corium; the cuboidal, 
or columnar cells with which this portion of the gland is lined; the 
small, spindle-shaped cells between the secreting cells and the basement 
membrane, How is the basement membrane to be recognized? What is 
to he observed in the cytoplasm which indicates Ure secretory character 
of these cells? Follow the duct, of which only fragments can be seen 
here and there, through the corium and the epidermis, [ow many 
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layers of cells are included in its wall? What is the difference between 
the course pursued by the duct in the corium and in the epidermis? At 
what point on the surface of the skin, does the duct open? 


Draw: showing the histological strucumie of a sweat gland, 


For the distribution of elastic fibers in the skin sce areolar tissue 
(p. 58). 
Tre Harm 


With the low power examine a longitudinal section through the 
scalp. Obseive the epidermis, Compare the thickness of the epidermis 
of the scalp with that of the palm, Examine the corium; note that both 
the corium and the tela subeutanea are considerably thinner here than 
in those areas which are subject to pressure. 

Identify the hais follicles, Owing to their oblique position in. the 
scalp, a longitudinal section of an entire follicle will probably be im- 
possible (o find, therefore, it will be necessary to study several falticles 
cut at different levels in order to understand the structure ol a single 
follicle, Identify the scbaccous glands, noting that their ducts open in 
the region of the neck of the follicle. 

Select a follicle, sectioned through the level in which the structures 
called for can best be identified, and examine with the high power, 

Follow the epidermis as it is continued into the follicle, What is the 
extent of the stratum germinativum in the follicle? What part af the 
follicle does it form? Jlow Jar into the follicle does the stratum corncum 
extend? Can the suatum granulosum be identified? What is ils extent 
in the Lollicle? 

Observe in the middle third of the typical lollicle: 

The theca, a capsulclike arrangement of the connective lissue sur- 
rounding the follicle. Identily: an outer layer of longitudinal fibers 
which is sometimes called the vascular layer, owing to the number of 
blood vessels it contains; an intermediate, somewhat thicker, layer of 
circularly arranged connective tissue fibers; a narrow, inner layer of 
clear, homogencous material, the hyaline menthrane, 

The outer root sheath, continuing the stratum germinativium of the 
epidetmis, Follow this layer into the enlargement at the end ol the 
follicle, the bulb, 

The inner root sheath; identify: an outer layer of somewhat flattened 
cells in which the nuclei are more o1 less indistinct, Menle’s layer; a 
middle layer of one or two rows of colorless, cuboidal cells in which 
the nuclei are more apparent, Huxley's layer; an inner layer of cornified 
cells, arranged so that they overlap one another, the cuticular layer of 
the inner root sheath, 

The hair shaft or hair proper, consisting of the hair cuticle, which 
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is so closely applied to the cuticle or the inner root sheath that the ve 
have the appearance of a single structure, Tdentily the cortex, composed 
of clongated, spindle-shaped cells dasely packed together and founing 
the greater part ol the bain shalt: the medulla, a central cove ol cells 
which show marked evidence of depeneration, ‘The medulla is not pres- 
ent inal! haits, and not always present in different parts of the same hair. 

The bulb; note that the theca is continnous with the papilla on 
whieh the bulb rests; that the hyaline membrane is continued over the 
papilla between the connective tissue and the epithelial cells: that the 
outer root sheath is continued about the bulb as a single layer of 
cuboidal cells and over the papilla as a layer of columnar cells; that the 
inner cells of the outer root sheath and the layers of the inner root 
sheath merge in an undiflerentiated mass of epithelial cells in the bulb. 
This mass of undifferentiated epithelial cells forms the matrix, Follow 
the cells of (he mauix as they pass upward to form the cortex and 
medulla of the hair shalt, 


Draw: showing the histological suructuie of a halr-follicle as seen in longitudinal 
section, 


With the high power, examine a section of the scalp in which the 
hair follicles can be studied in cross section. 
Tt will be noted, in studying cross sections of the hair follicles that many of the 


sections represent different levels of the follicles, For this reason cell layers which 
can be identified in some sections me not tw be seen in ovhers, 


Find a section in which all of the cell layers which have been identi- 
fied in the previous study can be observed. In the hair shalt iclentily 
the medulla, the cortex and the hair cuticle, In the inner root sheath 
identily Fluxley's layer; Ilenle’s layer, Observe the outer 1oot sheath, 
Identily the theca, noting the hyaline membrane; the inner, circular 
layer of connective Cissue fibers; the outer longitudinal layer of connec- 
tive tissue fibers and the blood vessels which it contains, 

Find a section through tie neck of a [follicle and examine with the 
high power. (A section through this level can be identified by the pres- 
ence of the sebaceous glands.) What cell layers in the hair shate and 
root sheaths are not present in a follicle sectioned at this level, which 
were identified in the loregoing sections? 

Find a sebaccous gland that can be followed to its connection with 
a hair follicle. Examine with the high power. Observe that the gland 
is an outgrowth of the epithelium of the wall of the follicle, Note its 
saccular form, Note that the epithelium of the duct of the gland is 
several layers of cells in thickness, continuing the stratified squamous 
epithelium of the outer root sheath, However, it is soon reduced to a 
single layer of cuboidal or low columnar cells from which the cells of 
the body of the gland are derived, What are the histological differences 
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between the cells of the external Jayer and those coutained in the body 
of the gland? Note: the transformation of these cells as they produce 
the substance secreted by the gland: small cells newly lormed by divi- 
sion from the epithelial cells of the basal layer of the pland; larger cells, 
with definitely lormed nuclei, in which small Jat droplets are beginning 
to appear; cells in which the nuclei have become obscured by the in- 
crease of fatty material in the cytoplasm (the fading of the nucleus may 
be interpreted as a part of the degeneration ol the cell); cells in the 
process of disintegration. The oily substance or sebum into which the 
fat droplets have been Wansformed is released by the disintegration of 
these cells, This takes place in or near the duct through which the 
sebum passes into the follicle. 


Draw: showing the histological structure of a scbaccous gland, 


Tim Naw 


Hold a longitudinal section of a nail to the light and with a hand 
magnifier identify uhe following: the portion of the terminal phalanx 
by which the tip of the finger is supported; the nail plate (nail), The 
body of the nail lies in front of and its root lies beneath the nail fold. 
Note that the root lies between two epithelial layers, the epithelium 
of the nail bed and the inverted epithelium of the nail fold, hus it 
may be said to lic in an epithelial groove—the nail groove, Observe the 
nail bed), the tissue on which the body of the nail rests, Vhe Lull extent 
of the nail bed is from the body of the nail to the bone. 

Examine the section with the low power, Obscive the epidermis 
covering the tip of the finger. Note: the stratum corneum; the stratum 
granulosum; the stratum germinativum; also the number and size of 
the papillae by which the epithelium is penetrated. Note the changes 
that take place in the epidermis as it is continued over the tip of the 
finger and extends beneath the nail plate. The swatum germinativum 
becomes thinner, the stratum granutosum, the s(ratum corneum and 
the dermal papillae disappear, Note that the matrix is considerably 
thicker than the portion of the epithelial Ussue on which the body of 
the nail resis. Note also the presence of papillae in relation to the 
matrix and the manner in which the cells are modified adjacent to the 
root ol the nail, Apply the same observations to the cells of uhe matrix 
in which the root ol the nail ends. Observe the infolding of the epi- 
dermis above the root of the nail to form the nail fold, noting that its 
stratum commeum rests on the upper surface of the nail plate. A thin 
layer of the stratum corneum will be seen extending from beneath the 
nail fold—the eponychium, 


An extension of the stratum corncum may be seen beneath the free edge of the 
nail, especially in very young child:en—the hyponychium, 


: S eruny Ob THR SKIN AND ITS LPPEND IGIS ay 

Examine a cross section of a nail with the low power. Observe the 
fold of skin which forms the nail wall on cither side of the nail plate, 
[dentily the nail grooves, deep recesses bencath the nail walls in which 
the borders of the nail plate vest, Follow the continuation of the suatum 
germinativum beneath the nail plate to form the epithelial portion ol 
the nail bed. At what point does the stratum granulosum: end? Observe 
the portions of the stratum corneum on eac h border of the nail, form- 
ing the lateral extensions of the eponychium, Note the papillated ap- 
pearance of the epithelial portion of the nail bed. 

In the longitudinal section of the nail the dermal papillae are to 
be seen in relation to the matrix, but not in relation to the epithelial 
tissue in front of the matrix, Papillae are present in the epithelium 
beneath the body of the nail in the cross section. Explain. 

Using the high power, observe the flattened, cornified cells of which 
the body of the nail. is composed. 


Draw: showing the histological structure of the nail as seen in cross section, 


Tig Mammary GLAnp 


THE INACTIVE PHASE. Using the low power, examine a section 
of the mammary gland of a young nullipaous female, Observe the 
small, undeveloped alveoli, noting that the glandular clements are 
scattered, being widely separated by the surrounding connective tissue. 
Note the broad septa of connective tissue which separate the lobules, 
noting that the lobules are imperfectly outlined, Observe portions of 
the lactiferous duets which may be seen passing from the lobules into 
the interlobular septa, 


Draw: showing the general appearance of the section, 


Examine a single lobule with the high power, Observe the ducts and 
their branches which end in slightly expanded extremities (alveoli) or 
in masses ol epithelial cells in the form of solid cords. Examine a cross 
section of an alveolus, noting: its clear, narrow basement membrane: 
the double layer of cells indicated by two vows of nuclei, What is the 
shape of the cells of the inner row? 

Identify the myoepithelial elements, What is the shape of these cells? 
Where are they located? Note that the myoepithelial cells do not form 
a continuous layer, . 

Observe the epithelium of the ducts. What is the shape of the epi- 
thelial cells lining the smaller ducts? The epithelial cells lining the 
larger ducts are what shape? The lactiferous ducts, which are to be seen 
only in special sections, are lined by a stratified columnar epithelium, 
Can you identify a basement membrane beneath the epithelium of the 
ducts? Note that the wall of the duct is completed by a condensation ol 
the adjacent connective issue fibers, which are arranged longitudinally, 
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Note, also, that the myoepithelial elements are more abundanily pres 
ent about the walls of the ducts than about the alveoli, What is the rea- 
son for this? Observe the predominance of connective tissue in’ the 
structure of a lobule. Numerous lymph spaces ave to be observed in 
this tissue. In specially prepared material a variety of cells, mostly 
phagocytic, can be demonstrated. Why are mast cells abundant in the 
Lissuc of the mammary gland? Name another place where mast cells are 
also abundant. Is there any similarity in these localities which might be 
suggestive of the functional character of the mast cells?-Obscrve the 
alveoli. When they can be identified, these structures are to be seen as 
small, collapsed, or cordlike structures at the ends of the smaller ducts, 
Occasionally a small, expanded alveolus may he found in which a quan. 
lity of albuminous secretory material (Colostrum) is present, Notice the 
masses of adipose tissue which appear (moughout the section, Is the 
adipose tissue Lo be Jound in the immediate neighborhood of the glandu- 
lar structures? 


Draw: showing the histological suuctuie of the alveoli and ducts, and of the 
surrounding tissue, 


THE ACTIVE PHASE. Fxamine a section of a lactating mammary 
gland with the Jow power, Observe the lobules, nating the increase, 
both in the number and size, of the alveoli. The alveoli are greatly 
expanded by the amount of secretion they contain, Examine the inter 
stitial Lissue, noting that it has been reduced to thin septal partitions 
by the growth and expansion of the alveoli, 


Diaw: showing the general appearance of the section, 


Examine a lew of the alveoli with the high power, Observe the low 
columnar or cuboidal cells which line the alveoli, Note that some of the 
secreting cells, in which croplets of tat can be seen, ae pyramidal in 
form, Note, also, the position of the spherical or oval nuclei in the basal 
portions of the cells, Observe the secretory product of (he gland, Note 
that it differs {rom the colostrum (cf. inactive phase) in the number of 
fat droplets it contains, Note, also, the deeply stained nuclei which indi- 
cate the presence ol leucocytes in the secretion, 


Draw: showing the arrangement and histological stiucture of the alveoli of a 
lactating gland. 


METHOD OF IDENTIFICATION OF MAMMARY GLAND 


Students sometimes have difficulty in distinguishing between thyroid 
gland and a lactating mammaty gland, This difficulty can be quickly 
cleared up if the student will remember that the mammary gland is an 
exocrine gland and, therefore, has a system of epithelial lined ducts, 
while the thyroid gland, which is an endocrine gland, has no duct sys- 
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tem, Therefore, in differentiating these tive structures the duct system, 
or lack of it, Lurnishes an important key. 


STUDY OF THE MALE RFPRODUGCTIVE ORGANS 


Pan Pry tis 

JExamine a section in which the testis can be seen in relation to the 
structures of the scrotum. Sections through the testis andl scrotum shortly 
after the descent of the testis has aiken plice is insuuctive material for 
ubis study. 

Hold the section to the tight and with the use of a hand magnifier, 
observe the testis and note its position in relation to the surrounding 
structures. Observe the space (serous cavily) between the testis and the 
wall of the scrotum, Note that this space lies between the two layers of 
a saclike extension ol the peritoneum (processus vaginalis), Examine 
the septula testis which are connective tissue pattitions that divide the 
cavity of the testis into comparunents or lobules, Observe: the seminil- 
crous or convoluted tubules, coiled tubules which occupy the space 
included in the lobular compartments; the epididymis, a body, formed 
by densely compacted fibrous tisstic and tubules, posterior to the body 
of the testis, If the section is cut longitudinally the head (globus major), 
the body and the tail (globus minor), can be distinguished, Identily the 
vas deferens, a thick-walled tube which is closely associated, by position, 
with the coils of the ductus epididymis in the globus minor, Examine 
the wall of the scrotum extending from the testis to and including the 
integument. 

Examine the section with the low power, Observe: the integument, 
noting the thinness of its epidermal layer: the hair follicles; small 
sebaceous and sweat glands. Can you identily bundles of smooth muscle 
fibers intermingling with the fibers of the subcplaneous tissuc? The 
stratum in which the fibrous tissue and smooth muscle fibers are inter- 
mingled is known as the dartos, The area between the dartos and the 
testicle is occupied by tissue which is derived from the abdominal 
fascias, Identify the cremasteric fascia. It consists of a layer of fibrous 
tissue containing scattered bundles of striated muscle fibers. With what 
layer of the abdomen is it continuous? Identify the tunica vaginalis, 
It is a delicate membrane consisting of flattenecl mesothelial cells sup- 
ported by a substratum of delicate connective tissue. Note that the 
tunica vaginalis presents two layers: a parictal layer, which lines the 
inner surface of the scrotal sac, and a visceral layer which lies upon the 
surface of the testis. If a cross section is being studied, note the extent 
of the serous cavity, Between the cremasteric fascia and the parietal 
layer of the tunica vaginalis is a thin layer of cremasteric fascla which is 
derived from what abdominal fascia? 
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Identify the tunica albuginea which is the firm, fibrous outer wall 
of the testis, Follow extensions of this layer into the substance of the 
testis, Do these extensions or septa form complete partivons? What is 
the shape of the compartments formed by these sepul? What are the 
structures which fill these compartments? Observe sections through the 
seminiferous tubules, noting the germinal epithelimm which forms their 
lining, Identify the mediastinum testis, showing a network ol cleltlike 
spaces, the rete testis, Note the irregular form of the rete Lest is; the 
flattened epithelial cells by which it is lined, Where is the mediastinum 
located in relation to the testis? Identify che straight Cubules (cubuli 
recti) which connect the seminilerous tubules with the rete testis, Note 
that some ol the straight tubules lie in the septula, What changes in the 
lorm of the epithelium are to be observed in passing Lrom the seminil- 
erous tubules to the straight tubules? Identily the epididymis, Note 
the groups of sectioned tubular structures which appear in the Nead of 
the epididymis; some are elferent ducts, which can be identified by the 
wavy outline ol their epithelium, while others represent the duct of 
the epididymis, The ductus epididymis can he distinguished by the 
regular outline ol its epithelium. In the longitudinal sections the duct 
of the epididymis can be traced to the tail, in which sections of the vas 
deferens can be seen. 

Draw: showing the relationships and general histological appearance of the 
structures observed in the section, 


LUE SEMINIFEROUS "TUBULES 

With the high power examine a section of the seminiferous tubules 
which has been stained with Ieicdenhain’s iron hematoxylin and coun- 
terstainect with cosin, Observe the walls of the tubules, noting that they 
consist of closely interwoven fibrous tissue. With the use of selective 
stains (Verhoell's elastic tissue stain) the presence of a considerable 
amount of elastic tissue can be demonstrated, Observe the germinal 
epithelium which forms the lining of the tubules. Identify the sper- 
matogonia, which are cuboidal or spherical cells containing small, 
spherical, denscly chromatic nuclei. Note that these cells rest on a thin 
basement membrane, Identily the spermatocytes, large calls which have 
large, vesicular nucfei, The chromatin pattern in the nuclei of these 
cells may vary from a spireme to definitely formed chromosomes. Ob- 
serve the secondary spermatocytes, cells about half the size of the pri- 
mary spermatocytes, having small, densely chromatic, spherical nuclei, 
Identify the spermatids, small cells with densely chromatic nuclei which 
form the several layers that line the lumen of the tubule, Spermatozoa 
are to be recognized by their déeply stained, conical leads and long 
filamentous tails. Asa rule, the heads of the spermatozoa are embedded 
in the sides of the cells of Sertoli, uteir tails extending into the lumen. 


a 
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Identify the cells of Sertoli; their position is iudicated by their large, 
pale, vesicular nuclei containing well defined nuceoli: thei oudines 
being masked by the cells which surround them, 


Draw: showing the histologiGd chatacters of the cells liniug a seminileous 


tubule. : ; 
Speimatozoa usually pase as rapidly as they me heed trom the cells of Sertoli, 


from the seminiterous tubes into dhe epididymis, For their study it may be 
necessary lo wail unuil the tubules of the epididymis are being examined, 


Using the high power objective, examine one or two groups of 
interstitial cells. Note their size, shape, nuceli, What are the charac. 
teristics of (he nuclei? Is more than a single nucleus present in any ol 
the cells observed? How many nucleoli are present in the nuclei? What 
is the character of the cytoplasm? Do these cells produce a hormone? 
Ifso, what is it called and what is its effect? 


Draw: showing the suucture of the interstitial cells 


True Spermatic Duers 
REFERENT DUGLS AND EPIDIDYMIS 

Using the low power examine a section passing through the head 
(globus major) of the epididymis, Observe that two kinds of tubules 
are present in the section, those in which the epithelium has a wavy 
appearance (eflerent ducts), and those in which the epithelium is regu- 
larly formed (ductus epididymus), Observe the fibrous interstitial 
tissue containing blood vessels and nerves. 

fxamine the section with the high power, Observe the epithelium 
forming the lining of the elferent ducts. Note that the til, columnar 
cells alternate with cuboidal cells, giving the epithelium an irregular, 
wavy appearance, The cuboidal cells give the impression af glandular 
depressions in an otherwise columnar epithelium. Note the cilia on the 
tree surfaces of the columnar cells. Are cilia present on any of the 
cuboidal cells? Note, also, the delicate basement membrane on which 
the epithelium rests; the thin layer of circularly arranged smooth mus 
cle fibers external to the basement membrane; the fibrous tissue, con- 
taining blood vessels, nerve fibers and small ganglion cells, by which 
the ducts are surrounded and supported. Observe the epithelitun of the 
ducts epididymicis, Note the sinall, round cells which form the basal 
layer; the tall, columnar cells of the superficial layer; the Name-shaped 
cluinps of cilia (stercocilin) which are borne on the free surfaces of the 
columnar cells; the thin basement membrane on which the basal cells 
of the epithelium rest; the layer of circularly arranged smooth muscle 
fibors external to the basement membrane. Observe the small ganglion 
cells associated with the muscular layer which, together with a plexus 
of delicate fibers from the sympathetic system, form the plexus myo- 
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spermaticus, Are any spermatovoa to be seen in the duct of the 
epididymis? 

Draw a few of the tubules of both the éflaent ducts and the duct of the opi- 
didymis, showing their histological structure, 


UIE VAS (DUC EUS) DEFERENS 
Examine a section of the vas deferens with the low power, Observe 
the mucosa which consists of an epithelium and a subepithelial layer of 
connective Lissuc, Observe, also, the muscularis, a chick layer of smooth 
muscle fibers external Lo the subepithelial connective issue. Examine 
the adventitia, a Jayer of fibrous tissne in which clastic fibers are abun- 
dantly present, This layer merges with the fibrous tissue of the cord, 


Draw: showing the general appearance of the vas deferens as seen with the low 
power. 


Examine the section with the high power. Observe the epithelial 
lining of the vas. Note that it consists of two layers of cells—a basal layer 
of small, rounded cells, and a superficial layer of columnar cells, Gom- 
pare the epithelium of the vas with that of the duct of the epididymis. 

The epithelium of de vas delerens, just belore it joins Uhe ejaculatory duct 
frequently develops several layers of cells and resembles the Gansitional epithelium 
of the prostatic portion of the urethra. “Lhere ty also considerable variation in the 
way the cilia are distributed in the vas. 11 some cases they are found throughout the 
length of the duct: in others cilia are present only in scattered areas and not in- 
ficquently may be absent altogether. 


Observe the subepithelial layer consisting of fibroelastic tissue, the 
elastic fibers predominating, Examine the muscularis consisting of 
three layers of smooth muscle fibers; those of the inner layer are 
arranged in scattered, Jongimdinal bundles; those of the middle Jayer 
ave circularly arranged and those of the outer layer are also longi- 
tucinally directed, Identily nerve fibers and groups of small gangtion 
cells associated with the fiber bundles ol the muscularis, and forming 
the plexus myospermaticus., Observe the adventitia, an external layer 
of loosely arranged fibroclastic tissue, Idenuily the blood vessels and 
small bundles of nerve fibers in this layer. Note the Lolds into which 
the mucosa is raised. 

Sections through the vas deferens at different levels shoulel be studied for the 
purpose of observing the manner in which the mucous membrane fs raised Into a 
series of lolds. These elevations are broad and low in the proximal portion of the 
vas, They become higher and narrower toward the distal end unul, in the ampulla, 


they develop secondary and lertiny Colds which anastomose and form what is 
known as ar alveolar surface. - 


TILE SPERMATIC GORD 


Examine a section through the spermatic cord with the low power, 
Observe the vas deferens, noting that its position is posterior to the 
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other structures of the cord. Study the vas, following the preceding 
ouuline, Note the scauered bundles of striated muscle fibers, repre. 
senting the cremasteric fascia, [dentily the spermatic arteries and the 
sections of the veins belonging to the pampinilorm plexus, [dentily, 
also, small bundles of nerve fibers representing the spermatic uerves. 
Occasionally it is possible to identily the serous and fibrous portions of 
the processus vaginalis in the spermatic cord. Note the loosely aranged 
fibrous tissue by which the various svuctures of the spermatic cord ae 
bound together, 


Draw: showing the suucture of the spermatic cords as seen by the section. 


Tur Accessory GLANps 
SLMINAL VESICLES 

Examine a section of the seminal vesicles with the low power, using 
the high power lor verilying the more minute details ol structive. 
Observe the larger divisions of the vesicles formed by the saelike diver 
ticula, Note the fibromuscular tissue of the septa between the divers 
ticula, Observe the numerous thin folds into which the mucosa is 
raised, Note: the secondary and tertiary folds; the recesses or crypts 
which they enclose. Identify the thin layer of circularly arranged smooth 
muscle fibers surrounding the walls of the diverticula, In the wider 
septa small, scattered bundles of tongicuditat saiooth muscle fibers 
should be looked for, Vhese will be found, if present. external to the 
circular fibers. Identily the groups of small ganglion cells—the plexus 
inyospermaticus--which may be seen in the connective Ussue between 
the muscle bundles, These nervous claments are best observed in spe- 
cially stained sections. , 

Draw: showing the general appearance (law power) and histological structure 
(high power) of a seminal vesicle as scen in the section, 


TITE PROSTATE GLAND 

Hold a section of a prostate gland to the light and examine with a 
hand magnifier. Observe the thin, densely compacted, fibrous capsule 
by which the prostate is invested. Identify the median septum, appear 
ing as a broad partition of fibrous tissue in the middle portion ol the 
section, Examine the prostatic urethra, noting its crescentic form, which 
ig due to the thick conical ridge (colliculus seminalis) projecting into 
it from its dorsal wall. Uc will be observed that the medium septum 
forms a thick, fibrous ring about the urethra, ancl that this ring is pene- 
tated by the duets of the glandular tissue of the prostate. Observe the 
connective tissue septa, extending from the median septam to the cap- 
sule and dividing the prostate into a number of comparunents—the 
lobules of the gland, Study the glandular Ussue of the prostate. Mollow 
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the duets from the median septum into the lobules. Note the manner in 
which they branch and that the branches end in expanded tubules or 
alveoli, Iu will be scen that the tubules in cach compartment or lobule 
converge to form a single duct, although a single duct may convey the 
secretion from (wo o1 tore lobules to the urethra. "Trace, If possible, 
the course of a duct to ils connection with the urethra, 


Draw: showing the structural character of the prostate gland, as seen in the 
section. 

Examine the glandular structure of the prostate with the high 
power. Observe the epithelium forming the lining of the duets, Note 
the manner in which it varies, being a simple columnar epithelium in 
some places and a two layered stratified columnar epithelium in others, 
As the duct approaches the uretiva, the epithelium changes to the 
transitional type. Observe the secicting structures of the gland. Follow 
the course of one ol the ducts into the lobule. Note the manner in 
which it divides into a number of branches; the saccular expansions 
(terminal tubules, or alveoli) in which the branches end, Similar ex- 
pansions occur along the course of the duct, forming the duct alveoli. 
The epithelium which lines the alveoli diflers litue Irom that which 
lines the ducts, varying Irom a simple columnar to a two-layered a1 
three-layered epithelium. Identily the interstitial tissue or stroma, 
fibromuscular tissue which extends from (he septa into the lobules and 
binds the alveoli together. Observe the blood vessels. Nate chat the 
larger vessels are located in the septa, their smaller branches passing 
into the interstitial tisste and forming capillary networks about the 
alveoli. Identily the prostatic concretions or amyloid boclies, Masses ol 
starchy (sec iodine reaction) nyuerial laid down in concentric layers in 
the larger alveoli, While these coneretionary bodies may appear in the 
prostate at any time, they are most commonly found in the prostates ol 
elderly subjects. 

Diaw: showing, the histological structure of the prostate as seen with the high 
power, 

Examine a section through the prostatic portion of the urethra with 
the high power. Observe the crescentic lorm taken by the urethra as it 
bends over the thickened portion ol its dorsal wall, the colliculus 
seminalis or crista urethrac, Examine the lurrowlike extensions of the 
urethra on the sides of the colliculus, forming the prostatic sinuses. 
Identify the transitional epithelium which forms the lining of the 
urethya, Note that the epithelium is of the stratified columnar type in 
the prostatic sinuses, Identify the utriculus, a tubular structure repre- 
senting the lower end of the Mtillerian duct (uterus masculinus), This 
tube extends dorsally in the prostate for a variable distance and fre- 
quently ends in an expansion in the region of the “middle lobe.” In 
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the section it appears as a slitlike opening located al the summit of 
the colliculus. In sections in which the utviculus does net pen into the 
urethra, it can be recognized as a tubular stuciiue, between the we 
ejaculatory duets, which is lined by a Qwo-layered satified column 
epithelium. Identily the ejaculatory duets, abular structes which 
may be identified by their posidon on either side of the udiculus and 
by their epithelium, which is similar to that lining the urethra, Note 
that the irregularity of their walls is caused by the ridges or lolds into 
which the mucosa of the duets is raised. Observe the numerous, thin 
walled vascular spaces, which give the colliculus the appearance of being 
supported by ctectile lisse. 

The vascular spaces are subdivisions of the vessels brought into the colliculus 
with the qjaculatory ducts, When these spaces are dilated by an inflow of blood, the 
colliculus becomes swollen and closes the urethra, thus preventing the flow of the 
semen into the bladder, 


Observe the urethra, Note that its wall consists of a lining of transi- 
tional epithelium, except in the prostatic sinuses (see above); a sub 
epithelial tissue, filled with a plexus of venous vessels, which give this 
portion of the wall the appearance of erectile tissue; a muscular coat, 
consisting of smooth muscle fibers arranged in an inner longitudinal 
layer and an outer circular layer, external to the muscular coat the 
wall of the wethra is continuous with the fibromuscular stroma of the 
prostate gland. 

Draw: showing the histological suructure of the colliculus and the prostatic 
urethra, 

"THE MULBOURBTHRAL (GOWPER'S) GLAND 

Examine a section of a bulbourethral gland with the low power, Ob- 
serve the fibromuscular capsule noting that striated, as well as smooth 
muscle fibers ave present. Note the continuation of the fibromuscular 
tissue of the capsule into the gland to form the stroma by which the 
small lobules, consisting of groups of alveoli, are ouuined; the mucus 
secreting character ol the cells lining the alveoli and ducts. 

Using the high power, examine a section of a single alveolus. Ob- 
serve the wide lumen, Note tbe clear, mucoid appearance of the cyto- 
plasm; the basally located nuclei; the deeply stained (acidophilic) bodies 
or inclusions which are to be scen it sonie of the cells, 


Draw: showing the histological character of an alveolus, 


Trot Panis 
Hold a section of the penis to the light and examine with a hand 
magnifier, Icentily the three cylindrical bodies, the paired corpora 
cavernosa, and the single corpus spongiosum. Observe the umica al- 
; parte : : 
buginea, which is a fibrous sheath that appears asa thick ring of densely 
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compacted fibrous tissue surrounding the corpora cavernosa and the 
corpus spongiosum, Note the extension of this sheath between the 
corpora cavernosa—the median sept, Observe the skin which forms 
the external covering of the penis. Note the numerous, irregular vaseu- 
Jar spaces in the corpora caveinosa and corpus spongivsum—the erectile 
tissue of the penis, Identily the slighuy curved, slitlike opening in the 
corpus spongiosum that is the penile portion of the urethra, 

Examine the section with the low power, Observe the skin, noting: 
the thin epidermis; the subepide:mal tissue or corium containing a 
rew small schaccous and sweat glands, Examine the layer of subcutane- 
ous connective tissue between the skin and the aimica albuginea, Note 
that it contains small bundles of smooth muscle fibers and has some- 
what the character of the dartos of the scrotum. Alsa ideutily blood 
vessels and nerves in this layer. Observe the tunica albuginea, the 
denscly compacted fibrous tissue sheath. Note that the fibers form an 
outer longitudinal layer and an inner civcular layer, “he median sep- 
tum is seen as an extension of the tunica albuginea between the corpora 
cavernosa. From sections of the penis taken a short distance behind the 
glans penis, the median septum is incomplete; neither the septum nor 
the tunica albuginea extend into the glans, Note that the albuginea 
about the corpus spongiosum is thinner and not so firmly woven as that 
about the corpora cavernosa. Examine the erectile tissue, the principal 
tissue of the corpora cavernosa and corpus spongiosum, Note the fibro- 
muscular trabeculae between the irregular blood spaces or lacunac. 
The lacunae are larger and the trabeculae are thinner in the central 
than in the peripheral portions of the corpora cavernosa, Observe the 
lacunae and trabeculae of the corpus spongiosum, noting that the 
lacunae are smaller and that the trabeculae are thicker than in the 
corpora cavernosa; the urethra, noting its position and the type ol 
epithelium lining it, Observe any changes in the character of the 
epithelium in the penile portion of the urethra, 


Draw. showing the histological suucture of the penis as seen in the section. 


Examine the tissue surrounding the urethra with the high power, 
Identify the saccular outpocketings which may he seen here and there— 
the lesser glands of Littré, What type of epithelium lines these glands? 
Locate and study the branched tubular glands which ave connected with 
the urethra by ducts—the greater glands of Littré, Note the type of 
epithelium by which the secreting portions (alveoli) of these glands are 
lined, From the appearance of the epithelial cells, what appears to be 
the nature of the substance secreted, by these glands? Observe the sub- 
epithelial tissue or stroma. Note the thin-walled venous spaces which it 
contains and ils similarity Lo the erectile tissue of Lhe corpus spongiosum, 
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External to the stroma a thin layer of cihenluly ananuged smooth 
muscle fibers may be present on the lateral and dorsal sides, 


Draw: showing the histological snuctine of the penile portion of the ured 
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Tue Ovary 

Hold a section of an adult ovary to the light and examine with a 
hand magnifier, Observe the form and sive of the section, Identity the 
cortex and the medulla, Note the diflerence in their staining reactions, 
What is the relation of the cortex to the medulla? Identify several 
Graafan follicles which appear as large, clear spaces enclosed by a zone 
of deeply staining cells. Identify the broad ligament, which is a band 
of connective tissue to which the ovary is attached. 

Examine the section with the low power, Observe the manner in 
which the connective tissue of the broad ligament is continued into the 
ovary and forms the stroma of the medulla, Examine the tunica al- 
buginea, It is a layer of connective tissue at the periphery of the cortex, 
in which the fibers are more regularly arranged ancl more densely com- 
pacted than in the remainder of the cortical stroma, Identify the ger- 
minal epithelium; a layer of cuboidal cells resting on the tunica 
albuginea, Note that this layer bas the appearance of being a con- 
tinuation of the peritoneal covering of the broad ligament, As age ad- 
vances, the cells of the germinal epitheliam become flattened and are - 
more difficult to distinguish from the mesothelial cells ol the broad 
ligament, Locate the primary follicles; note their number in the periph 
eval portion of the cortex, Each primary follicle consists of one or (wo 
layers of flattened epithelial cells (Qande cells) surrounding the lage 
egg cell or ovum, Examine the Graafian follicles. They are seen as large 
spaces in the stroma of (he cortex, enclosed by a wall which is composed 
of several layers of epithelial cells, the stratum granulosum. In mature 
follicles (he ovum may be seen embedded in a heaped-up mass of 
epithelial cells, the cumulus odphorus. Identify a corpus luteum which 
may be recognized by the arrangement of the epithelial cells in a series 
of folds, IL may also appear to be slightly yellow in color, Identify a 
corpus albicantia, to be recognized by its hyaline appearance and irregu- 
lar outline, Examine the more lightly stained and more loosely arranged 
fibrous tissue of the medulla, Note the many blood. vessels it contains, 


Draw: showing in cletall, the general structure of the ovary, 


_ ‘Using the high power examine a section of the ovary of one of the 
Smaller animals, Observe a primary follicle in the peripheral portion 
of the cortex. Note that cach follicle consists of an ovum surrounded 
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by a layer of flattened, epitheliaic cells; its large, vesicular nucleus con- 
taining a scanty neowark of chromatin. Iexamine a follicle in which the 
epithelioid cells sun ounding the ovum have become more or less cu- 
hoidal and have mudtiplied 10 Jorm uvo or three superimposed layers, 
Note, also, that the connective tissue about the follicle has asstumed a 
more regular arrangement and forms the theea folliculi, Examine a 
follicle in which the cells of the follicular epithelium have multiplied 
and form a number ol cell layers about the ovum. Jn lollicles of this 
slage note the beginning of the anuum, in the form of one or more 
clefts between the cells of the stratum granulosum. Find a mature 
follicle and obsetve dhe following: the antrani or spaces containing the 
follicular Nuid (liquor Lolliculi); the stratum granulosum, consisting ol 
several superimposed cell Jayers forming the wall of the Jolicle; the 
theca folliculi, which is a condensation of the connective tissue imme- 
diately about the follicle. Note the difference in the structure of the 
fibrous theca exteina and the vascular (inner) theca interna, Observe 
the cumulus odphorus, the heaped-up mass of epithelioid cells contain- 
ing the ovum. Note the layer of will, columnar cells, forming the corona 
radiata about the ovum; the thick membrane forming the cell wall of 
the ovum, the zona pellucida, 


Diaw: showing cach stage in the development of a Graafian follicle, 


Examine sections hough ovaries in which the corpus luteum, the 
corpus hemorrhagicum and the corpus albicans can be observed, 

TITE CORPUS LU'TEUM, Note the arrangement of the wall of 
the follicle in more or less definite folds, Observe a small group ol 
lutein cells, Note their form, modified by mutual pressure in the mass; 
their small, eccentrically placed nuclei. Is there any indication of the 
presence of lutein pigment in these cells? What evidence is there that 
they may contain fat droplets? 


Tne Ovinucr 


Using low power, first examine the sections of the oviduet for their 
general appearance and the relation ol their parts. Shift to high power 
and examine a small segment of the wal] for histological details, 

THE ISTHMUS. Examine a section of the isthmus, Examine the 
mucosa, Classify the type ol cells lining the lumen, Are any of these 
cells ciliated? What is the character of the subepithelial uissuc? Note 
the.delicate nature of the fibers which form this stroma; the small, 
longitudinally directed vessels in Unis layer; the three or four broad folds 
into which the mucosa is raised, Observe the muscularis, Note (hac it 
consists of an inner circular and an outer longitudinal layer of smooth 
muscle fibers. Which layer is the more strongly developed? Examine 
the external layer of loosely arranged fibroelastic tissue, which contains 
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the blood vessels and nerves passing to the wall of the oviduct, Note that 
this tissue, which Lorms the external coatol the oviduct, blends with that 


of the broad ligament. 
Diaw: showing the appearance and histological suche of the thous. 


THE AMPULLA, Examine a section through the ampulla, Gom- 
pare the mucosa of this section with that of the section ol the isthimus 
previously studied. Apart [rom the presence of cilia, is there any dil- 
{ference to be observed between the ciliated and nonciliated cells? List 
any differences or similarities in the epithelial cells in these two sections. 
Observe the manner in which the mucosa is raised into a series of folds: 
note the complicated arrangement of the folds. Examine the muscularis, 
noting that it is considerably thinner in the ampulla than in the isthmus. 
Which of the two layers of the muscularis is the more changed? Oh- 
serve the serosa, which consists of loosely arranged connective tissue. 
Identily the layer of mesothelial cells which lies upou the surlace of the 
connective Cisse, Che mesothelial layer and the underlying connective 
tissue form a continuation of the peritoneal membrane which lines the 
abdominal cavity, 

Diaw: showing the structure of the antpulla as seen in the section. 


Look for a series of small tubules in the connective tissue about the 
oviduct, These tubules are a part of the epodphoron or parovarius, and 
are scen to consist of a low columnar or cuboidal epithelium resting on 
a dense layer of connective tissue in which a few scatterect bundles ol 
smooth muscle fibers may be observed, What do these tubules represent? 


Draw a lew of the Cubules showing thei histological suucture and Indicate theh 
location in relation ta the oviduct, 


Tur Urrrus 
THE BODY OF THE UTERUS, Examine a section through the 
wall of the body of the uterus with the low power, Observe the mucosa 
» (endometrium), Note its thickness (1-3 tam,), Examine its structure, 
Note that it consists of an epithelium resting on a stroma of reticular 
tissue, Observe the branched tubular glands (uterine glands) extending 
the entire depth of the stroma, Examine the muscularis (mryometrium), 
Note that it consists of four poorly defined Jayers of smooth muscle 
filers; an inner stratum submiucosum in which the fibers are mainly 
longitudinal in direction with an intermingling of circular and oblique 
> fibers; a stratum vasculare, the fibers of which are predominantly cit 
“aular in direction, Note the numerous thin-walled blood spaces in this 
layer from which it receives its namie; a stratum supravasculare, formed 
by an interweaving of circular and longitudinal fibers, the circular 
fibers being more numerous toward the surauum vasculare, the longitu. 
‘ 
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dinal Gbers being more abundant in the external portion of the layer; 
a stratum subserosa, a thin external layer of longitudinally directed 
fibets. 

It should be noted that, while this subdivision of the muscularis may have some 


value for descriptive puiposes, it may be reduced to an inner layer of longitudinal 
fibers, a middle layer of circular fibers and an outer longitudinal Jayer, 


Examine the serosa (perimetrium), a layer of thin, flattened meso- 
thelial cells supported by a layer of loosely interwoven fibrous tissue, 
Note that this layer is an extension of the peritoneum of the abdominal 
cavity over the suilace of the uterus. 


Draw: showing the genaral suucttue of the uterus as seen with the low power, 


Examine the section with high power, What type of epithelial cells 
line the uterine cavity? Note that while cilia are not constantly present, 
they are Lo be lound on the {ree surfaces ol some of the cells, Gan you 
identify a basement mem ane? Observe the branched tubular uterine 
glands, What is the extent of the uterine glands in the mucosa? What 
type of epithelium lines the glands? Compare the glandular epithelium 
with the epithelium of the uterine mucosa, Do any of the cells of the 
glandular epithelium bear cilia? Examine the stroma. Note its close 
iesemblance to embryonic cannective tissue, Observe, as well as the 
staining ol the section permits, the branching processes of the connee- 
tive Lissuc cells of the stroma, Do these processes anastomose with one 
another? What cells, previously studied, do the cells of the stroma 
suggest? Note that lymphocytes and granulocytes are present in the 
tissue spaces of the stroma. Observe the muscularis (myometrium), Note 
the unusual length of the slender, spindle-shaped smooth muscle fibers, 


In the vigin uterus the muscle fibers are from 40-60 microns in length, In the 
giavid uterus the amount of muscular tissue is giendly increased, and there hag 
been a growth of the individual fibas, which may measure fom 800-500 microns 


in length, 


THE GERVIX OF THE UTERUS, Examine a section through 
the cervix and adjacent portions of the vagina, using the low and then 
the high power, Observe the mucosa, Note its thickness; the tall folds 
(plicae palmatae) into which it is raised; the epithelium, consisting of 
tall columnar cells; the epithelial pits, which are depressions of the 
epitheliam that appear to have a glandular character, These pits with 
their saccular outpacketings are to be scen between the folds. Observe 
the branched cervical glands. Note that the epithelium lining the 
cervical canal continues into both the pits and the glands and Lorms the 
epithelial lining, The cells which line the saccular outpockctings of 
these pits and the deep portions of the cervical glands secrete a mucoid 
substance, This substance forms a plug which closes che cervical canal 


’ 
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during pregnancy. The secretion occasionally fills the sacculations, or 
glands, causing them (o expand and form retention cysts (ovules of 
Naboth). fxanune the muscularis, Note that the muse fibers ave ae 
ranged in inner longitudinal, middle circular, and outer longitudinal 
layers; the arrangement of the muscular layers being somewhat siimiha 
to that af the body of the uterus, However, the layers are more cleatly 
defined in the cervix. It the section is through the lower end ol the 
cervix it will include a portion ol the wall of the vagina, Note the 
stratified squamous epithclinm on the vaginal wall of che cervix; also 
on the opposing wall of the vagina, The space between these opposed 
surlaces represcuts the cavity ol the vagina, In sections through the lower 
end of the cervix, the cervical canal may be lined by a. stratificd 
squamous epithelium, 

THE MENSTRUATING UTERUS, Using the low and then the 
high power, examine sections through the wall of uteri representing 
various phases of the menstrual cycle, TL possible tlese sections should 
show: the period of repair; proliferation; secretory period; and men- 
struation. Gompare the various layers in these four sections ancl make 
a chart Lo record your findings. 

Observe the mucosa, During what stage is the mucosa the highest? 
When is it Ure lowest? What changes ake place in the appearance of 
the epithelium during these stages? When is the epithelium denuded? 
At what stage is it first apparent that regeneration of the epithelium is 
occurring? Examine the stroma, Note the changes which occur in the 
density of this tissue ancl at what stages these changes occur. Note the 
increase in the size and length of the uterine glands, During what stage 
are the glands most tortuous? How is this increase in the mount of 
glandular tissue in the stroma to be explained? Observe the changes 
which occur in the blood vessels of the mucosa during these various 
stages. Is there any indication that ischemia occurs duting any of these 
stages? Ilow do you account for such an occurrence? When is hemor 
rhage into the stroma first evident, Do the vascular changes occur 
uniformly in all vessels throughott the entire thickness of the stroma? 
Explain, Do the changes occurring during menstruation involve more 
than the mucosal layer? 


Tut PLacenra 


Examine a section of the placenta with the low power, Observe the 
ainniotic membrane, consisting of a single layer ol cuboidal cells—the 
amniotic ectoderm, Note that these cells rest on a layer of embryonic 
connective tissue. Identify the layer of embryonic connective tissue 
which {s applied to che wall of the chorion, [t is somewhat thicker than 

‘thfat on which the cells of the amnion rest, Observe the outer epithelium 
off thie chorion, which consists of a single layer of cuboidal cells. This 


N 
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layer, which is frequently double, represents the chorionic ectoderm or 
trophodarm (trophoblast), Areas of cell proliferation are to be seen 
along the line of the trophoderm; the lager masyes of these cells are 
known as proliferation islands, the smaller masses as prolilcsation knots, 
Note the branched processes of the chorion (chorionic villi) that may 
be seen projecting into a large space, the matemal blood space, between 
the chorion and the decidua basalis. Note that while the terminal por: 
tion of a Jew of the villi appear to be fumly fixed in the tise ol the 
decidua (anchored villi), the majority of the Vili end in the blood 
spaces where (hey are surrounded by the mated blood (loating villi), 

With the high power, examine a villus which has been sectioned 
transversely. Observe the central area or core of embryonic connective 
tissue, Examine the epithelium by which the core is enclosed. Note cat 
it consists of Lio rows of Cells: an inner row of cuboidal cells (Langhan’s 
layer) and an outer row ol cells which present no definite boundaries 
(the syncytial Jayer). In exanuning sections of the placenta Langhans 
layer may not be present as it tends (o disappear in the later stages of 
pregnancy. Observe the blood vessels in the cennal core, Note their 
size and position, ‘These vessels represent the terminal branches of the 
umbilical arteries and veins. Identily the proliferation islands and knots, 
Apply the same observations to a longitudinal section of a chorionic 
villus, 

Examine the section of the placenta with the high power, Observe 
the densely compacted character of Lhe stroma with which the chorionic 
structures are in contact (the compact layer ol the decidua), [xamine 
the decidual cells, to be identified hy their size, the granular character 
of their cytoplasm, and the one or two vesicular nuclei which they con- 
tain, Locate and examine the portion of the decidual layer (uterine 
placenta) near (he muscularis, in which (ie slidike extensions of (he 
deep portions of the uterine glands can be seen (the spongy layer of the 
mucosa), Note that the glands have lost their epithelitm, and that their 
long axes are parallel with the surface ol the muscularis, Account fot 
this direction of the glandular spaces, Nate the numerous blood vessels 
in this portion of the tissue. Note, also, the reduction of the muscularis 
toa relatively thin layer, 


Draw: showing the histological structure of a chorionic villus; the appearance of 
the decidual cells, 


Examine a section through the decidua vera with the low power. 
Observe that the decidual capsularis has disappeared, and that the 
chorion laeve rests directly on the decidua vera. Note that the epithe- 
{ium of the chorion (Lrophoderm) which rests on the decidua, is com- 
posed of several layers of cells, Look lor small areas of cell prolileration 
(proliferation islands and proliferation knots). “Chese cell accumula: 
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tions may be regarded as representing villi which are no longer being 
developed from the chor ion laeva. Identily the amnion, consisting of a 
single layer of cuboidal cells (amniotic ectoderm), The amniotic and 
chorionic epithelia are separated by a small amount of embryonic con- 
nective Lissue; the cleft between the tissue ol the anmion and that of 
the chorion representing the exuacmbiyonic coclomic cavity. The 
superficial partion of Uhe clecicua forms the compact layer; the deep 
portion forms the spongy layer, as in the decidua basalis. It is in the 
plane of this layer that the placenta is split off from the uterine wall. 


Dinw; showing the structural appearance of the decidua vera as seen in the 
section, 


Tire VAGINA AND THE Fematz Urerora 
THE VAGINA 

Hold. a transverse section of a vagina (of a young subject) to the 
light and cxamine with a hand magnifier. What is the shape of the 
vaginal canal? Identify the urethra, What is ils shape? What is 
its position in relevence to the vaginal canal? Observe the wall ol the 
vagina, Note the thickness of the epithelial layer, Compare it with the 
thickness of the subepithelial and muscular layers. Identify an extemal 
layer ol fibrous tissue by which the vagina is attached to adjacent struc 
tures, Identify the urethrovaginal septum, which is a sheet of fibrous 
and muscular tissue that separates the vagina from the urethra, 

Examine the section with the low power, What type of epithelium 
forms the lining ol the vaginal canal? Note its unusual thickness, also 
that (he thickness of the epitheliun varies in diffe ent parts, How is this 
lo he accounted for? Observe the subepithelial connective tissue, Note 
that the part that lies directly beneath the epitheliuns consists ol a 
delicate reticular form of connective tissue in which lymphocytes, 
granulocytes and scattered small lymph nodules may be found, The 
connective tissue of the submucosa is relatively thick and consists of 
coarse bundles of collagenous and elastic fibers. Observe the muscularis. 
Note that it consists of a thick, inner circular layer and a thinner, outer 
longitudinal layer, Are these uwo layers of muscle distinct or is thei 
arrangement more or less indefinite? Note the numerous vascular spaces 
between the muscle bundles which give the tissue a spongy appearance. 
Observe the ridges into which the mucosa is raised and which give the 
lumen its irregular outline, Note the highly developed connective tissue 
papillae which penetrate deeply into the epithelium. Js there any 
noticeable difference in the licight of the papillae on the anterior and 
posterior wall? Observe the external covering of fibroclastic tissue by 
which tbe vagina is altached to adjacent structures. Is the fibrosa com- 
posed of compactly or loosely arranged fibers? Identify the numerous 
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bundles of stiiated muscle fibeis which fom the sphincter vaginae 
muscle, 


TUE ORE LRA 

With (he low power, examine the part of the section whicli includes 
the methra, Observe the lumen of the urethia, noting its crescentiic 
shape, What type of epithelium lines the urethra? Judging Lrom the epi- 
thelium, at what level was the section cut? What changes occur in the 
epithelium lining the methra in its comse Jrom the bladder to the 
external opening? Observe the subepithelial layer of fibraclastic tissue, 
Note the number of thin-walled venous spaces present. Identify the 
glandular structures which ave similar to the glands of Litndé in the 
male. Note the depressions in the epithelium (epithelial crypts) into 
which the glands open, Obseive the bundles of smooth muscle fibers 
by which the subepithelial tissue is smounded. What is the direction 
ol the fibers in the uwo layers? In sections through the intermediate por- 
tion of the methta, bundles of striated fibers which belong to the com- 
pressor urethnae muscle may be scen. 


METHOD OF IDENTIFIGATION AND DIFFERENTIATION 
OF BILE DUCT, URETER, VAS DEFERENS AND UTERINE 
TUBE 

Bile duct, ureter, vas deferens and uterine (ube are relatively small, 
epithelial lined, tubular structures which cause students same difficulty 
in identification, 

Given an unknown slide for identification, Grossly the structure is 
seen to be a small, tubular structure, which may possibly be one of the 
above structines, xamine the tissue under low power, Locate and iden- 
tify the epithelium lining the lumen, I the epithelium is a transitional 
epithelium the stractare mist be ureter. 

Uf the epithelium is pseudostratified it is vas deferens, The vas also 
has a very stuongly developed muscularis consisting of three layers ol 
smooth muscle, an inner longitudinal layer which is quite thin, and a 
middle citcular and outer longitudinal layer, both of which are rela- 
tively thick, In cross section there are four or five longitudinal folds 
which give the lumen a star-shaped appearance. In the ampulla of the 
vas, these folds become numeious and form crypts or recesses, This aica 
is sometimes mistaken for the fimbriated extremity of the uterine tube 
since Lhe epithelium may hecome a simple columnar in this region, The 
stioma of the Lold in the ampulla of the vas, however, is more compact 
and fess vascular than in the lolds of the fimbriated end of the uterine 
tube, 

If the epithelium is a simple columnar epithelium it may be bile 
duct or uterine tube. Look for ciliated cells, If cilia are present it is 
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uterine tube. The soma underlying the epithelium in the ule ine tube 
is quite compact ancl contains many cells. The muscularis is well de- 
veloped and in the isthinus consists of Gvo layers, an inner dicular and 
outer longitudmal, [fn the ampulla the outer longitudinal layer [its 
thinned down to a few scattered muse bundles, and in dhe fimbriaud 
wea only the inner cicul layer is present. "Phe mucosa of the uterine 
tube is thrown into a number ol longitudinal folds which branch 
and anastoniose, ‘Phese folds ave simpler and lower in the isthmus and 
Inc_ease 1 height and complexity as they reach the fimbriated end of 
the tube. 

The characteristics which identify bile ducts are: simple columnar 
epithelium, and poorly developed muscularis, the layers of which arc 
ill defined, 


STUDY OF THE EYE 


Tr Eyenarn 

Examine a section through the eyeball and lids, using the low 
power, Identify the conjunctiva, What type of epithelium forms the 
conjunctiva? Follow this epithelium as it passes upwaid on the ocular 
surface of the lid (palpebral conjunctiva) to the point where it arches 
across to the eyeball and becomes the bulbar conjunctiva, In lollowing 
the cose of the conjunctiva what change takes place in the type of 
epithelium as it reflects Lrom the inner stuface of the eyelid onto the 
sclera and cornea? [dentily the space between the palpebral conjunctiva 
and the bulbar conjunctiva, which is known as the conjunctival sic. 
Identily the conjunctival fornix, Look for a lew tubules belonging (o 
the accessory lacrimal glands (Krause’s glands) which may be scen near 
the fornix, 

Observe the general lorm of the ocular bulb (eyeball) which is seen 
to consist of the segments of uvo circles. Observe the difference in the 
curvatures of the lwo segments, Tdentily the sclera and the cornea, Note 
that the sclera ty continuous with the cornea at the sclerocoinea) junc 
lion, Note the choroid which is a deeply pigmented layer lying close 
to the inner surface of the sclera, Mollow the choroid anteriorly, noting 
that it forms a triangular thickening behind the sclerocorneal junction, 
the ciliary body. Follow the fold of the choroid which extends inward 
in trong of the Jens, Lorming the iris, Identify the pupillary border ol 
the iris and the pupil. Examine the internal coat or vetina of the pos- 
terior segment, Note where the optic nerve enterges from the eyeball, 
From this point trace the retina anteriorly, Note the abrupt change in 
thickness of this layer which occurs just behind the ailiary body, What 
canses this abrupt change in thickness, What is this zone called where 
the change occurs? Are there any visual elements (rods or cones) in the 
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retina anterior to this zone? Follaw the retinal layer forward on the 
inner surface of the ciliary body. As it continues over the ciliay 
processes it is known as the pais ciliaris, while the part which ties on 
the inner (posterior) suilace of the iris, is called the pars inidica. Identity 
the lens and the suspensory ligament, Note the attachments of the sus- 
pensory ligament, 

Identily the anterior and posterior chambers of the eye. What ate 
the boundaries of cach? What refractive media is found in these iyo 
chambers? What refractive media is found in the posterior segment of 
the cye? What is the diflerence in the consistency of these two media? 

On the external! surface of the posterior segment of the eye identify 
small bundles of striated muscle that are attached to the sclera. "These 
are portions of the ocular muscles which bring about the voluntary 
movements of the eyeball. Try to identily Tenon’s capsule and the 
space of Tenon, 

In the section which has just been studied, or in one that bas been 
prepared by special methods (o bring out more clearly the details of 
the various structures, observe the stiuctural details of the coats of the 
eye, finst with low then with high power, 

THE SCLERA. Identily the two layers of the sclera: the external 
layer or substantia propria, consisting of connective Lissuc fibers com- 
pactly woven into bundles which are arranged in Jamellac., Note that 
the Jamellae are alternately longitudinal and transverse in direction, 
the fibers which form the lamellae in one plane crossing at right angles 
those which form the lamellae of another plane, Minute interlamellar 
clefis or lymph spaces may be seen between the lamellae, Connective 
tissue cells (scleral corpuscles) containing melanin occupy these spaces, 
Observe the blood vessels which have peneuated the sclera on (heir 
way to the choroid; the internal layer or Jamina fusca, consisting of a 
narrow strip of loosely interwoven connective tissuc fibers, im which 
numerous chromatophores (pigmented connective tissue cells) are 
present, 7 

THE CHOROID. The four layers usually described as belonging, 
to the choroid are not casily distinguished in ordinary sections. They 
are as follows; 

The lamina suprachoroidea, a thin layer of delicate, interlacing 
fibers among which are numerous pigmented cells, Observe the likeness 
of this layer to the lamina fusca of the scleia, Note the narrow cloft 
between the twa layers, the suprachoroidal space, also the fibers which 
pass more or less obliquely [rem one Jayer to the other. What does this 
indicate regarding the relation of the two layers? 

The lamina vasculosa, a relatively thick layer sometimes referred 
to as the “choroid proper.” Note the large number of blood vessels it 
contains, the larger vessels, mostly venotis, are (oward the outer part 
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ol the layer, the smaller vessels being taward the inner pat. Note the 
connective tissue between the vessels; also the pigmented counective 
tissue cells among the fiber bundles. 

The lamina choriocapillaris, a velatively thin layer characterized by 
the number of capillary vessels it contains. Nore the large auiber af 
these vessels, 

The lamina basalis, a homogencous layer which serves asa cuticular 
basement membrane for the pigmented cells of the retina and might be 
regarded as belonging more to the retina than (o the choroid. 

TITE RETINA, Identify the layers of the retina as follows: 

The layer of pigmented cells, consisting of a row of deeply pigmented 
cells which appear to be cuboidal as seen in vertical section, 


Owing to the fact that the pigmented layer adheres more closely to the chorald 
than to the retina itself, it is likely to be separated from the layer of rods and 


cones in the section. 


Note the delicate protoplasmic processes extending between the 
rods and cones from the inner surfaces of the pigmented cells, 

The layer of rods and canes, the rads consist of a slencdet, clongated 
outer segment and a slightly thicker inner segment, the Lwo segments 
being nearly equal in length. The cones consist of a short, narrow, outer 
segment ancl a thick, flask-shaped inner segment. Note that from three 
lo five ods appear between cach uvo cones. 

The external limiting membrane, appearing as a thin, membranous 
structure between the layer of rods and cones and the outer nuclear 
layer. What type of tissue forms this layer? 

The external nuclear layer, consisting of the cell bodies of the rods 
and cones containing the red and cone nuclei, Note that the nuclei 
ol the cone cells are larger than Lhose of the vod cells and form a single 
row immediately internal to the outer limiting membrane. The rod 
cells are located. at various levels and give considerable depth to the 
layer, 

The external reticular layer, consisting ol the processes of the rod 
and cone cells (the rod and cone fibers), and of the dendritic processes 
of the bipolar cells, 

The inner nuclear layer, consisting of the nuclei of the bipolar, hori- 
gorttal and amacrine cells. 

The inner reticular layer, consisting of the axons of the bipolar cells 
and the dendtitic processes of the ganglion cells, 

‘The ganglion cell lnyer, a single row. of large, multipolar ganglion 
cells, In cortain areas the row of ganglion cells may appear double, In 


4 Ahe macula lutea the number of ganglion cells is increased to several 


£ 
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OWS, 
The layer of nerve fibers, the fibers of this layer are the axons of 
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the ganglion cells. They are gathered in bundles on the inner suatace 
of the retina, These bundles converge Coward the optic dise, (hrough 
which they pass lo become the fibers of the oplic nerve. 

The infernal limiting membrane, formed by the union of the ex. 
panded portions of the inner ends of Miller's fibers, constituting a thin 
membrane which intervenes between the nerve fiber layer and the 
vitreous body, 


“Draw a portion of the section showing the strucine of the coats of the eyeball 
as seen with the high power, 


Examine, with the oil-immersion objective, a section of the retina 
prepared with Held’s stain. Observe: the cells al the pigmented layer, 
noting their size; the form and position of their nucled; the protoplasinic 
processes which extend from the inner stufaces of the cells between 
the rods and cones, Identify the rods and cones, Ohserve the rods, 
Note: their slender, outer segments; the transverse striation of these 
seginents; the slightly enlarged inner segments; the vertically striated, 
dark body in the outer portion of this segment, Note that the rods are 
continued, internal to the outer limiting membrane, as a delicate prato- 
plasmic thread, the rod fiber, The cell body is formed by an expansion 
of the protoplasm of the rod fiber in the outer nuclear layer, and con- 
tains the rod nucleus, Why do the rod nuclei occur at different levels 
in the outer nuclear layer? I possible, in the outer nuclear layer observe 
the manner in which a rod fiber ends in relation to a dendritic process 
of a bipolar cell. Observe the cones. Note: the relatively short, cone: 
shaped outer segment; the broad, flask shaped inner segment; the ver- 
tically striated, ellipsoidal body in the outer part of the thick segment; 
the protoplasmic body of the cone cell, just within the outer limiting 
membrane. Follow the broader, protoplasmic process of the cone cell 
into the outer reticular layer observing, i! possible, the expanded foot 
plate in which it ends. Identify the bipolar cells, noting that they con- 
sist of deeply stained, slightly oval nuclei surrounded by a small amount 
of protoplasm, 1 the staining of the section permits, follow the processes 
of these cells. The dendrites extend into the outer reticular layer where 
they come into association with the end processes of the rod and cone 
fibers; the axons extend into the inner reticular layer in which they are 
associated with the dendrites of the ganglion cells, Identily both the 
horizontal and amacrine cells, In what way can these cells be distin- 
guished from the bipolar cells, and {rom each other? Identily the gan- 
glion cells, noting their stellate form; their dendritic processes, which 
extend (sec above) into the inner reticulay layer; their large, vesicular 
nuclei; their axons which continue as nerve fibers in the nerve-fiber 
layer. Observe the fibers of Miiller; some of these fibers may be seen 
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extending vertically through the section from the internal limiting 


membrane, 


Draw: showing the histological structure of the retina as revealed by the section, 
Construct a diaguam on the basis of the above abservations, showing the manner 
in which the various retinal elements are associated. 


Examine a section through the macula lutea and the fovea centralis, 
using the high power, Observe the ganglion cell layer, noting the in- 
crease in the thickness of this layer due to the several rows of ganglion 
cells which it contains, Identify the inner nuclear layer, Compare the 
thickness of this layer in the macrla with that of the inner nuclear layer 
in other parts of the retina, What is the difference? How is it to be 
accounted for? Examine the fovea centralis, a depression in the central 
part of the macula due to the thinning out of the layers of the retina, 
Note that the ganglion cell layer is absent from the fovea; that the inner 
and outer reticular layers merge into a single fibrous layer in which a 
few, scattered bipolar cells are present. Only congs are present in the 
fovea. Identily the fiber layer of Henle. This consists of the greatly 
lengthened cone fibers, which ave directed obliquely from the fovea 
into the macula, In this case the cone cells with their contained nuclei 
do not lic immediately within the outer limiting membrane, but are at 
some clistance from the cone segments, 


Draw: showing the mrangements of the retinal elements in the macula Iutea 
and foven centralls, 

ANTERIOR DIVISION OF ‘TIE EYE 

Wold a section of the anterior division of the eye to the light and 
examine with a hand magnifier, Identify and note the relations of the 
following: the sclera; the cornea; the choroid; the ciliary body; the 
ciliary process: the lens; the iris; and, if the extent of the section pet- 
mits, locate the ora serrata. 

Using first the low and then the high power, observe the following: 

THE SCLEROCORNEAL JUNCTION, Note that the fibers of 
the cortica are continuous with those of the sclera, Identify the bulbar 
conjunctiva, a layer of stratified squamous epithelium which is sepa- 
rated from, the sclera by a thin substratum of fibrous tissue. Note that 
this subepithelial Lissue disappears from beticath the epithelium as it 
extends over the cornea. ‘The epithelial layer is slightly thinner over the 
cornea whan over the sclera. 

"THE CORNIEA., Examine the cornea and identily each of the five 
layers which compose it, Observe the epithelial layer (corneal conjune- 
iva), a thin layer of stratified squamous epitheliam, What is the form 
ofthe basal layer of cells? OF the intormecliate layers? OF the superficial 
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layer? Identify the anterior basal membrane (Bowman's membrane), an 
apparently homogencous structure lying immediately beneath the epi- 
thelial layer. Examine the substantia propia, which is the fibrous 
structure forming the principal portion o} the comnea, Note the arranpe- 
ment ol the fibers in lamellae (corneal plates): the narrow lymph spaces 
between the plates (comneal spaces); the branched, stelate cells which 
occupy the corneal spaces (corneal corpuscles). IE possible, identily the 
arcuate fibers, delicate fibers which pass Lom the lamellae in one level 
to those in another level. These fibess save to bind the plates together, 

THE GCILIARY BODY, Locate the ciliary body and note that it is 
formed by the expansion of the dnterier portion of (he chovoid. In 
conjunction with the ciliary body, examine the ciliary processes, which 
may be recognized as folds formed by an extension of the delicate, 
fibroelastic Lissuc of the ciliary body. Note, also, that the ciliary portion 
of the retina is continued over and between the folds. This portion of 
the retina consists of an outer, deeply pigmented layer and ao inner 
layer of clear, epithelial cells. Identify the ciliary muscle, Note that it 
consists of bundles of smooth muscle fibers arranged in an outer layer 
of meridional fibers, originating from the sclera in the region of the 
sclerocotneal junction and, passing backward, are inserted into the 
anterion border of the orbicularis; a middle layer af radial {thers which 
curve downward towaid the roots of the ciliary processes, into which 
they are inserted; an inner fayer of ciicular fibers, forming a small 
bundle ol smooth muscle fibers located at the inner angle al the ciliary 
muscle and cul transversely in the section, Note the position of these 
fibers close to the root of the ivis, 

THE IRIS. Observe the iris, which is a curtainlike fold which is 
auiached peripherally to the ciliary body, (s free central portion ex- 
tends inward in front of the lens, Note the space between the tree 
cenial borders of the tris, the pupil; the portion of the iris adjacent 
lo the pupil Jorms the pupillary border, Examine the structure of the 
iris, Note the stioma which consists of delicate collagenous fibers, with 
an intermingling of clastic fibers, Examine tie numerous deeply pig- 
mented, bianched connective tissue cells (chromatophores) which may 
be observed in the stroma, Identify bundles of smooth muscle fibers 
forming a muscular ring about the pupillary border, These fibers 
belong to the sphincter pupillac muscle, Identify the spindle-shaped, 
contractile fibers (dilator pupillae muscle) lacated close to the pig- 
mented epithelium, Observe the numerous blood vessels in the portion 
ol the stroma toward the pigmented epithelium, the vascular layer, 
How far does this layer extend towaid the pupillary boider? Observe 
the thin layer of endothelial cells on the anterior surlace., Examine the 
pigmented epithelium on the posterior surface ol the iris that is the 
continuation of the nonvisual portion of the retina. Lt consists of a 
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iwo-layered, epithelial structine which begins at the ora serede and 
extends to the pupillary border of the iris, Where this layer covers the 
ciliary processes, hote Chtt the outer cells of the uwvo cell layered stu: 
tire is pigmented, This single layer of pigmented cells extends as fin 
as the 1oot of the iris, at which point both layers become pigmented, 
Note the abrupt manner in which this epithelium ends on the pupilkay 
border. 

The layer of vetinal epithelium on the posterior surface al the iris consists of 
two rows of cells. Lhis is not clenly evident wher ordinary preparations we exim 
ined with the miaoscope, owing to the fact that both layers me deeply pigmented, 
When the tissue is bleached by special methods, the presence of the two layels ol 
cells is readily demons ated, 

Again carclully examine the stroma and note that it can be divided 
into an anterior and posterior portion, “The anterior portion is com- 
posed of branched, pigmented cells, supported by a relatively small 
number of connective tissue fibers—the anterior border layer, The pos- 
terior division of the stuioma consists of collagenous and clastic fibers, 
and contains a relatively small number of chromatophores, ‘This portion 
of the stroma, however, is plentifully supplied with blood vessels—the 
vascular layer, 

THE PEGTINATE LIGAMEN'T, Identily the pectinate ligament, 
Locate the iridial angle which is formed between the iris and the cornea. 
Observe the fibers in the form of an irregular network which consti- 
tutes the wall of the anterior chamber at the iridial angle. Tiace these 
fibers from Descemet's membrane to the root of the iris. They consti- 
tute the pectinate ligament, The spaces between the fibers ol the liga- 
ment are the spaces of Vontana. Can the delicate endothelium which 
lines the spaces of Fontana be discerned? Tdentify the canal of Schlemm 
(sinus venosus sclerae), A venous channel which encircles the eye close 
lo the border of the cornea. Note that its inner wall is formed by some 
of the fibers of the pectinate ligament. Two or more spaces representing 
branches of the canal of Schlemm may be observed, 

THE LENS, Examine the Jens. A transparent, biconvex structure, 
located behind the iris and giving support to its pupillary border. The 
lens, together with the cornea, the aqueous humor ancl the vitreous 
body, forni the refracting mechanism (refractive media) of the eye. 
Observe the difference between the anterior and posterior curvatures 
of the lens, Which is the greater? Identify the anterior and posterior 
poles, the mid-points of the anterior and posterior surfaces of the lens 
and the equator, represented by the border of the lens where the two 
curvatures meet, Observe the capsule, a thin, homogeneous membrane 
by which the substance of the lens is enclosed, Observe the lenticular 
epithelium, a gingle layer of cuboidal cells on the antertor surface of 
the ‘lens immediately beneath the capsule, Follow the cells of the 
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epithelium toward the equator, observing the manner in which they 
elongate to become the lens fibers. Note that the fibers, which are 
located in the middle of the Jens, have a disintegrated appearance, They 
form the hard mass, knows as the lens nucleus, Examine the suspensory 
ligament. Observe the hyaloid membrane, forming a cuticular layer on 
the inner surface of the retinal epithelium; the thickening of the mem- 
brane as it lies on the inner surface of the orbicularis; the manner in 
which it breaks up into fibers as it passes over and between the ciliary 
processes; the extension of these fibers from the ciliary body to their 
attachment to the capsule of the lens, The fibers which pass from the 
ciliary body to the lens form the suspensory ligament. Identily the zane 
occupied by the ligament as it encircles the equator of the lens, known 
as the zonule of Zinn, and the triangular canal of Petit, 


Make a caieful study of the structures of the anterior division of the eye and 
draw them jn detail in the outline previously made, 


Toe Orria Nerve 

Using the low power examine a section of (he optic nerve as it 
emerges from the eyeball. Observe the dural sheath, Jolowing its fibers 
to their intermingling with the fibers of the sclera. Examine the pial 
sheath; follow its fibers and note that they are continuous with the inner 
portion of the sclera. Identify the intervaginal space between the dural 
and pial sheaths, Locate the thin arachnoid membrane dividing the 
intervaginal space into subdural and subarachnoid spaces. Observe the 
fibers crossing these spaces from the dura to the arachnoid and from the 
arachnoid to the pia. Locate the optic disc, the area in which the con- 
verging retinal fibers bend outward to pass through the wall of (he 
eyeball and become the optic nerve, Note that the fibers are slightly 
arched as they make the turn, resulting in the formation ol the physio- 
logical depression in the middle of the optic disc, Identily the lamina 
cribrosa, the portion of the wall of the cyeball Unrough which the fibers 
pass. Note the manner in which the connective issue fibers of tie sclera 
cross the fibers o! the optic nerve at right angles, as the fibers ol the 
nerve pass through the lamina cribrosa. Observe the position of the 
retinal vessels in the axis ol the nerve. 

Draw: showing the entire structure of the optic disc, the manner in which the 


nerve fibers pass through the lamina cribrosa, and the structure of the optic nerve 
as revealed by the section, 


Examine a cross section of the optic nerve, With the low power, 
observe the manner in which the nerve fibers are collected into bundles 
or fasciculi; the interfascicular connective tissue by which (he bundles 
are surrounded; the fibrous sheaths which form the external invesument 
of che nerve, Note that the interfascicular tissue is continued, between 
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the bundles of nerve fibers, bom the pil sheath, Observe the position 
of the retinal vessels. 

Examine a fasciculus with the high power. Obseave the axis cytin 
ders of the nerve fibets, recalling that the axis cylinders ate the axons 
of the cells of the ganglion cell layer of the retina, Identify the myelin 
sheaths by which che axis cylinders ol the nerve fibers are invested. Note 
that the fibers of the optic nerve are not supplied with neurilemmal 
sheaths, Gan neuroglial elements be identified among the nerve fibers? 
Observe the interlascicular connective Ussue, Ta what respect does the 
opuc nerve resemble a nerve trunk (such as the sciatic nerve)? Tn what 
way does it differ? 


Draw: showing the suucture of a fasciculus as it is seen with the high power, 


The Even 

Hold a vertical section of the cyclid to the ight and examine with 
a hand magnifier, Observe the form of the eyelid as seen in the section. 
Identify the cutaneous surlace; the ocular (conjunctival) surface; the 
Iree (palpebral) border, Locate the bundles of striated muscle fibers 
belonging to the orbicularis palpebraram muscle, Examine the connec 
tive tissue which lies beneath the epithelium covering the two su 
faces and gives them their support; the tarsal plate (tarsus), located 
immediately in front of the epithelium of the ocular surface of the lid. 
Identify the Meibomian glands, noting their position in the tarsal plate, 
Observe the cilia (eyelashes) on the palpebral border of the lic. 


Make an outline ciawing of the eyelid, Including the stuuctures obyerved in the 


“above study, ‘The diagram should be snfiiclenUy Jarge to include the details to be 


observed in further surdics of the section, 


Examine the section with the low power; the observation of certain 
struciural details, however, may require the use of the high power, 
Observe the epidermis; is ita relatively thick or thin layer? Examine 
the corium, the layer of dense, fibroclastic tissue which lies immediately 
beneath the epidermis. Note that the connective tissue between the 
corium and the orbicularis muscle is more Loosely arranged. The 
epidermis and corium form the integument. The following suructures 
should be observed in connection with the integument: the hair follicles, 
noting the delicate nature of the hairs; the sebaceous glands and their 
association with the hair follicles; the sweat glands, with their ‘coiled, 
secreting portions lying deeply embedded in the corium. Wherever 
possible trace the ducts of these glands as they pass between the hair 
follicles to the surface of the skin, Note the increase in the thickness of 
the stratified squamous epithelium as it passes from the cutaneous 
surlace to the palpebral border, Follow the continuation of the epi- 
thelium from the palpebral border to the conjunctival surface, How far 
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does the stratified squamous epithelium extend upward on this surface? 
Note the point where it changes (o a (wo or thtee layered columnar 
epithelium, the characteristic epithelium of the palpebral conjunctiva, 


Goblet cells are present in considerable nunsbers in the conjunctival epithelium, 
"These cells are peculia in that they contain a mucoid substance, but de not appear 
to open on the surface of the epithelium, ‘They ae known as che imucats cells af 


Leydig. 


* Locate the bundles of transversely sectioned, striated muscle fibers 
occupying a considerable portion of the section between the cutaneous 
and conjunctival surfaces. These fiber bundles befong to the orbicularis 
palpebrarum, Note the mass of loosely arranged connective lissue fibers, 
the palpebral fascia, occupying the space between the orbicularis muscle 
and the conjunctival epithclium. Locate a thick platelike structuie, 
consisting of densely compacted connective tissue, the tarsal plate 
located in the palpebral fascia immediately in front of the conjunctival 
epithelium, ; 


The connective tissue (thers which form the tarsal plate are so densely com- 
pacted that, when tiken hetwween the fingers, the plate bas the feel of cartilage, 
Because of its firmness and its position in the posterior wall, it not only supports 
the eyelid, but mamtains as well a smooth surlace which facilitates the movement 
of the lid over the eyeball, 


Observe the large compound saccular glands located in the tarsal 
plate, the Meibomian glands. Note the similarity of these glands to 
the sebaceous glands already studied, the large, vertical duct lined with 
stratified squamous épithelium; the short necklike ducts by which the 
secreting bodies of these glands are attached Lo the conynon duct, Iden- 
tily large stifl hairs, the cilia, of which there may be tvo or three rows 
on the palpebral border near its anterior angle. Note the large follicles 
for the cilia, deeply embedded in the corium; their oblique direction, 
Locate a small, isolated bundle of striated muscle fibers between the 
bases of the cilia and the Inferior border of the tarsal plate; the ciliary 
muscle of Riolan, Observe: the small ciliary glands, which lic in rela- 
tion to the ciliary follicles; large, coiled tubular sweat glands, the glands 
ol Moll; modified sebaceous glands, the glands ol Zeiss. Both the glands 
ol Moll and Zeiss open cither into the ciliary follicles or on the pal- 
pelnal border. Identily a number ol striated muscle fibers extending 
into the lid pastetior to the orbicularis muscle, the levator palpebrae 
muscle, Note the manner in which these bundles end in tendinous 
fibers which spread out fanwise, some to be attached to the deep sur- 
laces of the tarsal plate, otheis passing between the fiber bundles of the 
drbicularis muscle to end in the fastial tissue beneath the skin, Locate 
a small group of smooth muscle fibers, the superior tarsal muscle of 
Mullet, which pass downward to aulach to the upper border of the 
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tarsal plate. Observe a small group of bianched. tububu glands located 
in the loose connective tissue behind and above the upper border ol 
the tarsal plate, Note the coaise, acidophili¢ granules contained in these 
glands, called the glands of Henle, Tl the section includes a part af the 
fornix, a muanber of small, serous ghinds, the accessory Lecrimal ghiunds 
(glands of Krause) may be seen in its supporting Cisstie, 

Add the details observed ins this study ta the eutline chewing of the lid pre: 
viously made. 7 


Tre LAGRIMAL GLANDS 


Examine a section of the lacrimal glind with the low power, Ob- 
serve that the groups of secreting tubules ae separated by relatively 
broad septa of connective tissue. “The portion of the glandular tissue 
between tivo broad septa is the equivalent of an individual gland, Notc 
that the glandular elements are divided into smaller groups, the lobules, 
by narrower septa (interlobular septa) and the duets located in these 
septa are the interlobular ducts, What type of epithelium lines these 
ducts? Observe the secreting tubules (alveoli; acini): the small ducts, 
the intralobular, or intercalary duets, appearing in the section between 
the secreting tubules, Note that these ducts are lined with a cuboidal 
or low columnar epithelium, 

Draw: showing the suuctural appearance of the gland as seen with we low 
power, 

Examine the section with the high power, Observe the secreting 
“tubules, noting that they ae of wwo kinds: those in which the epi: 
thelium is composed of tall, colauimar cells having a taindy granu 
cytoplasm and bordering a small hunens those in which the epitielinm 
consists of low columnar (or cuboidal) cells which have a densely 
granular cytoplasm and a large lunien. 

Uhe lacrimal glands ave welously descibed as utbuloalyeolar (dubtanc hun) 
and compoand tubular glands, tt is probable ut the majority of sections studied 
will support the Tatter classification, 

Small cells (basket cells: basal cells of most authors) are to be seen 
between the epithelial cells and the basement membrane, These cells 
ave regardecl as myoepithelial clements. Observe the interstitial con- 
nective issue, in which may be seen numerous capillary branches, 
forming a network about the secreting cubules, Examine the inua- 
lobular (intercalary) ducts, surrounded by the secreting tubules, Note 

» ulat these ducts possess a large lumen enclosed by a cubyidal epithelium, 
Observe the interlobular duets, located in the interlobular septa. Wher. 

‘ever possible trace the connections from an interlobular duct Urough 
at intercalary duct to a secreting tubule, 


»Deave showing in detail the histological structure of a Inerlutal gland, 
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STUDY OF ‘TITE FAR 


Tin Exiprnan Ear 


fxamine a seclon through the auricle, using the low power, Ob- 
serve: the inegularly curved pliute ol elastic cartilage which forms the 
principal support of the auricle; the perichondrial layer on either side 
of the cartilaginous plate; the skin, forming che guter covering of the 
ear, Note that here as elsewhere it consists of an cpithelial layer, the 
epidermis, and a subepithelial layer, the corium, whieh together Loum 
an exceedingly thin layer over the awicle, Identify the hair follicles 
and sebaceous glands associated with the skin, Observe the subeutancous 
connective tissue lying between the covium and the perichondrium on 
the posterior surlace. Is there a similar layer on the anterior surface? 
Observe that a few sweat glands are present in the corium on the 
posterior surface, 

he cellular chatacter of the cartilage is discussed on p. 66. The elastic fibers 


and their disuibution in the cartilage and sunrounding tissues can best be observed 
in sections that have been prepared by using an elastic Ussue stain, 


Examine a longitudinal section of the external auditory meatus 
with the low power. Observe the cartilage ring that supports Ute outer 
third of the meatus, What kind of cartilage lors this ring? What type 
ol tissue lorms the support lor the inner two-thirds? Observe tbe skin 
lorming the lining of the canal, Note that a layer of subcutaneous con- 
nective tissue 1s interposed between the covitm of the skin and the 
perichondrial layer ol the cartilage. A similar layer may be obser ed 
between the skin and the periosteum in the roof of the bony portion 
of the meatus. Are there lair follicles in dhe skin of the canal? What is 
the extent of thei: distribution? Observe the small sebaceous glands 
associated with the Jollicles, Identily the ceruminous glands that are 
niingled with the other structures of the skin, ‘Chey are coiled wibulay 
glands resembling sweat glands, Note the extent of their distribution 
in the tissues which form the lining of the auditory canal. Identily the 
thin, membianous partition, the tympanic membiane, which forms 
the inner boundary ol the external meatus, What is the position and 
direction ol the tympanic membrane? Note that the epidermal layer 
increases in thickness ancl hecomes deeply papillated just belore it turns 
(0 pass onto the external surtace of the tympanic membrane. 


Tue Minpun Ear 
THE TYMPANIC MEMBRANE, Lxamine a section through the 
tympanic membrane, including a portion ol the bone by which it is 
supported, Sections which include the greater part ol the external 
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auditory meatus should show the tympanic meminane as the internal 
boundary of the auditory canal. 

Using the low power observe the general form and reladons of the 
tympanic membrane; ils direction, noting its slope from above down. 
ward; the slight inward bending. ot concavity, of ils outer surface: the 
tympanic sulcus or groove in the surounding bene, into which the 
thickened peripheral border ov amnulus fibrosus is seq the madlens, a 
portion of which may be attached to the inner stn face of the membrane, 
Note that the portion af the membiane above the attachment of the 
manubrium of the malleus is somewhat slack, “Vhis forms Shrapnell’s 
membrane or the pas flaccida. Phe tightly drawn portion of the mem- 
brane below the attachment of the malleus is the pars tensa, 


Diaw: showing the appearance and relations of the tympanic membiane as seen 
in section, 

Examine the tympanic membrane with the high power, Observe: its 
external covering of stutified squamous epithelium, noting that it is 
continuous with and much thinner than the epithelium which forms 
the lining of the external auditory meatus; the fibrous portion (sub- 
stantia propria) of the membrane. Distinguish between the radial fibers 
which form the outer layer and the concentrically arranged circular 
fibers which form the inner layer; the mucous layer, covering the inner 
surface of the membrane, noting that both the layer of flattened epi- 
thelial cells, anc the unica propria on which it rests, ave continuous 
with the mucous membrane that louns the lining of the tympanic 
cavity. If the malleus is represented in (he section, note that iis covered 
by an extension of the mucous nembrane: identily the annulus fibrasus, 
a thickened ring of fibrous tissie which lorms the periphery of the 
tympanic membrane, noting that it is set ina deep groove, the sulcus 
tympanicus, in the bony ring supporting the tympanic membrane 
Observe the manuer in which the fibers of the annulus fibrosus con- 
verge as they enter the tympanic membrane to form its outer ov radial 
fiber layer, 

Diaw showing the histological structure of the tynipanic membrane, as seen 
with the high power. 

5 “THE BUSTAGIIAN LUBE 

Examine a transverse section ol the cartilaginous portion of the 
Kustachian (ube with the low power. Observe: the cartilaginous plate 
(the side on which it lies is to be regarded as the inner side of the tube), 
Note how the cartilage Lorms a gi oove in which the tube rests, by bend: 
ing around its outer end, What type of epithelium Jincs this portion of 
the utbe? Note the numerous small clepressions in the epithelium 
which ave lined by mucus-secreting cells. Observe the thick layer of 


Bis LABORATORY DPIREGTIONS 


fibroelastic tissue surrounding the epithelium and completing the wall 
af the tube; the mucous glands in the subepithelial connective tissue; 
bundles of striated muscle fibers, ‘Those belonging to the tensor pala 
masele are cut more or less longitudinally and lie on the outer side, 
while the fibers of the levator pala muscle are sectioned inunsversely 
and lie below and a little to the inner side of the tube, In sections 
through the “aditus,” or opening of the tube into the nasopharynx, 
note that the connective tissue by which it is surrounded is fled with 
lymphoid tissue mainly in dre form of nadules. Phese masses of 
lymphoid tissue are known as the (ubal tonsils. 

Although called tubal tonsils, because of their vehiion to the Eustachian tube, 
strictly speaking these masses of lymphoid tissue belong to the lymphoid tissue in 


the roof of the pharynx, known as the pharyngeal tonsils. 
Draw: showing the histological suuctne of the Eustachian urbe as seen in the 


section. 
Tut INtERNAL Ear 

Hold a section of the semicircular canal to the light and examine 
with a hand magnifier, Identify the membranous and bony portions of 
the semicircular canals. 

Examine the section with the low power where it passes through a 
semicircular cana). What is the relation of the membranous to the bony 
canal? Identify the perilymph space, noting that it includes the greater 
pait of the bony canal, Where is the endolymph space? What is (he 
shape of the semiciicular canal? Note that its outer layer ts adjacent to 
and merges with the periosteal layer of (he bone, Identity the fibrous 
trabeculae that pass from the periosteal tissue of the bony canal to the 
wall of the membranous canal, . 

Examine the membranous canal with the high power, Observe that 
the epithelial lining of the canal consists of flattened, squamous cells. 
A narrow strip of thickened epithelium, the vaphe, may be seen on the 
convex side ol the canal, What does this signily? Note the densely com. 
pacted connective tissue which forms the outer wall of the menbianous 
canal. Observe the minute serrations, formed by papillalike clevations 
of the subepithelial tissuc, Note the manner in which the epithelium 
passes over these clevations. Observe the periosteal lining of the bony 
canal, noting the delicate connective tissue fibers of which it is eom- 
posed. Follow the trabeculae or fibrous strands in which this tissue is 
continued {rom the inner surface of the wall of the bony canal to the 
outer, fibrous layer of the membranous canal, Identily the layer of 
mesothelial cells lying on the periosteal layer and forming the immedi- 
ate lining of the perilymph space. Note that the tissue, formed by these 
cells, invests the trabeculae and is continued over the fibrous layer ol 
the membranons canal. 
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Note, where dhe aude and saccule Gan be seen in the secon, that the stucuure 
of thar membieuous walls shnilar to thated che membranous semiciicubur canals. 


THE MACULA, Examine with the high power a section of the 
macula in either the ublricle or the saccule. Observe: the inereae itt 
thickness of the periosteal issue in the region of the macula, Follow 
the cells of the epithelium, noting that the flauened cells become 
cuboidal as they approach the border of the macula, and low columnar 
as they pass over the border. There are two kinds of cells whieh lorm 
the epithelium on the suilace of the macula: the sustentuculat ceils, 
which are tall columnar cells presenting broad, expanded basal por- 
tions which rest ona clearly defined basement membrane, and in which 
their nuclei are located, and narrow, distal portions extending to the 
surface ol the epithelium; the sensory or hair cells, These cells ave rela- 
tively broad, cylindrical clements, which extend about hall way from 
the surlace of the epithelium to the basement membrane, Note that the 
spherical nuclei of uhese cells ave located in their rounded, basal por- 
tions, which have the appearance of resting on the “shoulders” ol the 
sustentacular cells, The surlaces of both the sustentacular and hair cells 
are provided with cuticular plates which interlock and lorm a con- 
intious membrane over the surface of the macula, Observe the still, 
hair-like processes which project from the free surfaces of the hair cells, 
each ol which gives rise to a single process. Examine the otolithic mem- 
brane, a gelatinous, plutelike structure separated from the epitheliun 
ol the macula by a narrow, endolymph space. Note that the processes 
of the hair cells cross this space and are embedded in the otolithic 
membrane, 


The otoliths or otoconia are minute particles of calehim carbonate which have 
crystallized about an organic nucleus, ‘They are present in the otolithic mem ane 
in the living condition, but can be demonstrated only in specially prepared material, 


Identify the well-developed basement membrane on which the cells 
of the epithelium rest, and observe the thickened subepithelial layer of 
connective tissue. "The thickness of this layer is due, not only to an 
increase in the number of connective tissue fibers, but also to the nerve 
fibers passing through it to the sensory cells. 

THE GRISTA. Using the high power examine a section through 
the ampulla of a semicircular canal which includes a crista, Observe 
the form. of the crista, noting that it is taller and narrower than the 
macula which is relatively low and broad. The form of the crista is 
determined by (he manner in which the subepithelial connective tissue, 
which is a modification of the periosteal Sayer, is raisecl into a mound- 
like ridge. xaming the epithelium which covers the supporting fibrous 
tissue, noting that it consists of sustontacular and sepsory (hair) cells, 
essentially similar (0 those observed in the macula. Identify the cupula, 
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a dome-shaped gelatinous structure whieh Lica above the summit of (he 
crista, to which it bears the same relation that the otolithic menibrane 
bears to the macula, 

If sections through the temporal bone of one of the smafler animals are properly 
made the fibers of the vestibulin division of dhe auditory netve may be daced to the 
cells af the vestibular pangtion located in the internal andilory meatus, and hom 
the cells of the ganglion duough the aanal in the bone to the subepithelial tissue, 
through which it passes to be distributed to the seusory cells ol the macula and 
crista, In these sections it will be noted that the fibers which pass to the nmacula and 
crista belong to the same branch. In tracing dese fibers front dhe nacida and cele 
to the vestibula ganglion and noting the relation of the ganglion cells to the 
vestibular branch ol the anditory nerve, it should he borue in mind that although 
they cannot be followed in the same manner in sechions of the human ear, dhe rehe 
tions are essentially the same in all of the higher animals, man included, 


THE COCTLEA, Examine a section of the cochlea with a hand 
magnifier, Observe the segments of the cochlear canal as it winds around 
the cenual pillar or modiolus, Note the manner in which the modiolus 
tapers from base to apex. Identify the bony spiral lamina, a shelllike 
process extending Irom the modiolus into the cochlear canal, 

Observe the basilar membrane (membranous spiral lamina), Note 
that it extends from the outer border of the bony lamina to the lateral 
wall of the cochfear canal, completing the partition between the upper 
and lower chambers of the canal, 

Note the division of the chamber above the partition into avo parts 
by a thin membrane (membrane of Reissuer), which extends from the 
outer wall of (he canal obliquely downward and inward. The cochlear 
canal is divided, in this manner, into Uhree contparcments: au upper 
comparunent, above Reissner's membrane—the seala vestibuli: a lower 
comparunent, below the partition Lormed by the spiral lantina and the 
basilar membranc—the scala tympani; and an intermediate compart- 
ment between Reissner’s membrane and the basal membrane—the seala 
intermedia or cochlear duct. 





Note dat this division is repeated in each segment; bearing in mind chat the 
segmenis me parts of a continuous canal which winds about the modiolus, and 
that the structures noted in the above study follow the spiral turns of the codes, 

Diaw. showing the anangement of the segments of the cochlea and their rela: 
tion to the modiolus as seen in the sections the clivisiou of the cochlear canal into 
scala vestibull, scala tympani and cochlear duct. 


Examine a single segment of the cochlear canal with the low power, 
Observe the position and form of the modiolus: the external wall of 
the segment; the bony spiral lamina extending shelflike from the 
modiolus coward the outer wall; the spiral ligament, a crescent-shaped 
thickening of the periosteal tissue of the lateral wall, Note that the 
spiral tigament begins in the scala vestibuli, forms the lateral wall of 
the cochlear duct, in which it aulains its highest development, and ends 
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below the level of ¢he basilar membrane in the seala tympani. Tt is thus 
seen that the spiral ligament fons an importing part of the lateral 
wall of the three divisions af the cochlem canal. Ideutily the cista 
basilaris, a projection of the spiral ligament, to the apex of which the 
omter part ol the basilar membrane is attached, Locate the basila 
membrane, extending outward from the bony spiral lamina, to which 
its inner partion is attached, Lo the apes of the crista basilarisy Reiss 
ners membrane, a thio, membranous structure extending Gren near 
the upper border of the spiral ligament, downward and inward toa 
paint near the base of the bony spiral kunina, Note that Reissner's 
membrane forms the “roal” of the cochlear duet and separates it from 
the scala vestibuli, Identily: the spiral prominence, a rounded elevation 
of the spiral ligament, a short clistance above the crista basilaris: the 
external spiral sulcus, a shallow groove between the spiral prominence 
and the crista basilaris, Examine the fibrous tissue ol the spiral ligament 
above the spiral prominence, noting that it is covered by a psendo- 
stralified or stratified columnar epithelitun; also that the loose tissue 
beneath the epithelium is filled with blood vessels, forming the stria 
vascularis, Note (he extent of the spiral ligament above Reissuer's mem- 
brane and below the apex of the crista basilaris. Identify: the organ ol 
vorli, a highly specialized, epithelial structure resting on the basilar 
membrane; the fibers of the cochlear division of the auditory nerve, 
Trace Ure main branch of the nerve as it passes in the central canal 
from the base of the modiolus to its apex. Follow the branches passing 
laterally from the fibers in the cential canal to the cells of the spiral 
ganglion which ave located in the spiral canal at the base of the bony 
spiral lamina. Follow the fibers lrom the cells of the spiral ganglion as 
lar as possible cowards the organ of Corti, 

With the high power examine the organ of Corti, using the same 
section or one that has been prepared especially for this study, The best 
observations are made with the oil-immersion objective, Observe the 
limbus spirale, noting its position on the medial side of the cochlear 
duct. tt is scen to consist of an upper portion, formed by a thickening 
of the periosteal tissue at the base ol the bony spiral lamina:-the vestib- 
War lip (labium vestibulare); and a lower portion~the tympanic lip 
(labiuim tympanicum). Phe tympanie¢ lip should be followed outward 
oa point near the lateral border of the bony spiral lamina, Locate the 
well-defined groove between the vestibular and tympanic lips, the 
internal spiral sulcus, The upper surlace of the vestibular lip is covered 
by a layer of flauened epithelial cells. Follow these cells and note that 
they become cuboidal as uhey pass over the border of the lip and form 
the lining ok the internal sulcus, The cells are flattened as they continue 
outward on the tympanic lip of the limbus, At the border of the 
tyinpanic lip locate the inner sustentacular or border cells, What is the 
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shape of these cells? Observe the single row of inner hair cells. Observe 
the shape of the inner hair cells; note that they extend only part way 
through the depth of the epithelium and are supported in part by the 
border cells. Identily the inner phalangeal cells, which appear as slender, 
cellular elements that lie bewween the inver hair cells and the inner 
pillars of Corti, In well-prepared material it will be possible to observe 
that the surfaces of the border cells, the hair cells and the inner phalan- 
geal cells are provided with cuticular plates, ‘These plates interart iculate 
and provide a support for the hair cells, Examine the hairlike processes 
ol the hair cells, which project through the cuticular plates into the 
cochlear duct, Observe the pillars of Corti, of which there are tivo sets, 
the inner and the outer pillars, Each pillar is seen (o consist. ol an 
expanded head, appearing somewhat triangular in section, a narrow 
body by which the head is supported, and the foot by which it is 
auached to the basilar membrane, Note: the manner in which the heads 
of the outer pillars are ardcalated with the heads of the inner pillars; 
that the rodlike bodies of the pillars diverge as they pass toward the 
basilar membrane, looming a triangular space between them, the tunnel 
ol Corti; the mass of protoplasm containing a large nucleus, the pillar 
cells, at the foot of each pillar on the tunnel side, Identily the cells ol 
Deiteis (outer phatangeal cells). Three or four rows of call, columnar 
cells external to the outer pillars of Corti, Note that the proximal por- 
tions of these cells in which their nuclei are located are considerably 
broader than their distal portions, which form uarrow phalangeal 
processes. ach phalangeal process is expended at the surface of the 
epithelium and bears a cuticular plate, In properly stained material a 
small, rodlike bundle of tonofibrils can be demonstrated in these cells, 


The relation between the pillar cells and the cells of Deiters is readily apparent: 
the pillar cells being a modili¢d lorm of Deiters' cells, 


Observe the outer hair cells, How many rows of these can be ob- 
served in the section? Note the position of the hair cells between the 
phalangeal process of the cells of Deiters. How does their form compare 
with that of the inner hair cells? How far do they extend toward the 
basilar membrane? The outer hair cells, like the hair cells, are provided 
with cuticular plates through which the hairlike processes of the cells 
project, Examine the cells of Hensen which form three or more rows 
of tall, colunmar cells external to the cells of Deiters. Note their slender, 
proximal portions which rest on the basilar membrane, and their ex- 
panded distal portions in which their spherical nuclei are located, Fol- 
low the cells of Henscn, noting that they become progressively lower 
until they merge with the layer of cuboidal cells, known as the cells 
of Claudius. The cells of Claudius can he identified by their cuboidal 
form, and the lact that they form the epithelium of the outer portion 


, 
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of the basilar membrane, Note that they are continued as the epithelial 
lining of the external spiral sulcus. Observe that the cells of Claudius 
differ from the other cells of the organ of Corti by their small nuclei 
and clear, nongranular cytoplasm, Fxanine the basilar membrane on 
which the organ of Gorti rests, Note that ils inner attachment is to the 
(ree border of the bony spiral lamina on which it lies, and that it joins 
the crista basilaris laterally. Jts fibers can be seen in the crista, where 
they have the appearance of converging Coward the membrane, They 
should be interpreted, however, as fibers from the basilar membiane 
which are being dispersed in the spiral ligament. On the tympanic side 
of the basilar membrane is a layer of loosely arranged fibrous tissue, 
the tympanic covering layer. Identify the part of this layer which lies 
beneath the zona arcuata, Note the number of small blood vessels in 
this portion of the layers also the larger vessel beneath the tunnel of 
Corti, the vas spirale, into which the smaller vessels empty. Identily the 
vona peclinata, noting thal the tympanic covering layer beneath this 
portion of the membrane, is slightly thicker than that beneath the zona 
arcuala, Also note that it is not supplied with blood vessels, 


The principal characteristic ol the tympanic covering layer is the loose arrange 
ment of its fbrous dements, Mtbough a contains numerous, spindleshaped con- 
nective tissue cells, its stuface is not covered by a continuous layer of mesothelial 


colls, 

Examine the vestibular covering layer, which is a more or less 
homogeneous layer on which the cells of the organ al Corti rest. A few 
fibers and some scattered nuclei may be observed in this layer. Locate 
the membrane of Reisner, Examined with the higher powers, the mem- 
brane of Reissner is seen to consist of a thin substantia propria which 
is covered externally by a layer of thin mesothelial cells continuous 
with the lining of the scala vestibuli, its inner (cochlear) surface being 
covered by a layer of flattened, ectodermal cells which are continuous 
with the epithelial lining of the cochlear duct. Observe the tectorial 
membrane. Note that it consists of numerous fibers which give ita 
striated appearance. ‘The fibers ave held together by a gelatinous, inter. 
fibrillar substance and extend in radial fashion (rom the border of the 
vestibular lip of the spiral limbus over the organ of Corti as fav as the 
lateral row of the outer hair cells. 

‘Che tectorial membrane is formed by a fusion al the cuticular plates of the 
epithelium covering the upper surface of the vestibular lip of the limbus, 


Trace the fibers of the cochlear division of the auditory nerve from 
the spiral ganglion to the organ of Corti, Note especially where the 
Abers pass through the cunnel of Corti and the space of Nucl. 


Draw: showing in detail the structure of the oigan of Corti, 
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The following, list of relerences is designed for use as additional 
readings in connection with the subjects studied. “Che citles, which have 
been chosen from a voluminous literature, are fairly Cypical of the 
papers in which the results of the researches in histology have been 
reported, 

Only those titles which are in English have been selected, The stu. 
dent who wishes to pursue his reading beyond the papers listed here 
should turn to the more complete bibliographies with which these 
papers are supplied and in which the more impertant titles in French 
and German will be found, 

The use that is made of these references will be determined by the 
judgment of the instructor and the curiosity and interest ol the stu 
dent, Their purpose is to direct the student to those lines of reading 
which will Jead to a familiarity with the investigations through which 
out knowledge of the facts of histology have been obtained, 
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Page tambers set in boldface reler to the Luhotatory Directions section 


A 


A (Alpha) cells, pancreas, 286 
Accessory adrenals, $53 
Accessory genital glands, male, 402 
Accessory Chyvoids, 844 
Acervulus corebri, 863 
Acetylcholine, 149 
Acini (alveoli), description of, 272 
mucous, 274 
pancreas, 283 
parotid, 276 
serous, 274 
sublingual, 281 
submaxillary, 279 
Adenolds, 205 
Adlpase tissue, $6, 527 
Adrenals, 849, 605 
accessory advenuls, 8538 
hlood vessels, 852 
chiomaftin cells, 849 
cortex, 850, 851 
yona Casciculat, 351 
glomerulosa, 851 
reticularis, 851 
corticosterone, $53 
dlesoxycorticosterane, 353 
function, 358 
lymphatics, 852 
Marchancl’s organ, $58 
medulla, 850, 85) 
nerves, 853 
spongiocytes, 851 
Adreninge, 49 
Advantitla, arteries, (78, 176 
digestive system, 211 


Afferent glomerular artery, kidney, 828, 


$85, 


Agylutination, 04 
Aggregate lymiphord tissue, 180 
Agminated glands, 189 
Albugines, tunica, ovary, 117 
penis, 410 
testis, $89) 
\lbumoid, 68 
Alpha cells, hypaphysis, 856 
islands of Langerhans, 286 
Alveolar ducts. lings, 817 
Alveolar glans, 278 
Alveolar sats, Jungs, $17 
Alveali, $19 
Amacrine cells, retina, 468 
Aincloblasts, 216 
Antitosis, 28 
Ampulla, ductus deferens, (00,101 
numamary yells, $89 
oviducts, 426 
semicireutar canals, 498 
uterine tubes, 426 
Amptktof Vater, 258 
Anal canal, 262, 689 
columus of Mongagui, 262 
epithelial cones, atid 
glands, intranusculiu, 262 
sebaceous, 264 
muscles, 262 
dilnor, of Rudinger. 262 
external sphincter, 262 
internal sphincter, 262 
sinuses, 262 
structure, 262 
sulci, 262 
valves, 262 
Anaphase, 25 
Anastonioses, arterlovenous, 181 
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Amsouopic band, 119 
Annuli fibtosi, 183 
Anterior lobe, hypaplhiysss, 355 
Anterior pole, eye, 449 
Anthracosis, 322 
Antibodies, 91 
Apical foramen, of tooth, 222 
Apociine glands, 275 
Appendix, vermiform, 259, 582 
Aqutduet, vestibular, 498 
Aqueous humor, 452 
Arachnoid, 168 
Arcuate aiteries, kidney, 335 
fibers, cornea, 468 
veins, kidney, 335 
Areas, Cohnhem, (18 
Arcola mammae, 381 
Arcolar glands of Montgomery, 38] 
Arcolar tissue, dense, 53, 526 
loose, 53, 527 
Argentaffing cells, 244 
Adgyrophil fibers, 44 
Arneth count, blood cells 99 
Artector pili muscles, 875 
Arterial capillary, terminal, 197 
Atteries, 178, 555 
aiterioles, 176, 556 
central, of spleen, 196 
disuibuting, 175 
clastic, 178, 555 
helicine, of penis, 411 
mrusc ular, 175, 555 
precapillary a1 tetioles, 176 
pulp, of spleen, 197 
sheathed, of spleen, 107 
structure, 174, 176 
Gabecular, of spleen, 196 
tunica adventitia, 175, 176 
intima, 174, 176 
media, 174, 176 
Atterioles, 176, 556 
Arteriovenous anastomoses, 181 
Asbestos cartilage, 65 : 
Association neuron, 127 
Aster, 16 
Astral rays, 16, 25 
Astrocytes, fibrous, 163 
protoplasmic, 165 
Auesia of ovarian follicles, 421 
Atua, of henit, 182 
of lungs, 317 
\uioventiicular node, 185 
valves, 184, 558 


INDEX 


Auditory appattas, action ol fb] 
Auditory meats, extern, 15 
Auditory ossicles, 487, 488 
Auditory strings, 506 
Auditory teeth of Tlusclike, 50 
Anerbach's plesus, 245 
\utonomic ganglia, 152 
nei vous system, 130 
parasympathetic division, id 
sympathetic division, 180, [88 
Anis cyclinder, 141 
\xolemma, 142 
Axon, 140 
definition of, 189 
hillock, 140 
injury, eflect of, [4d 
naked, 144 
\soplasm, 141 


B 


B (Beta) cells, pancreas, 286 
Balloon cells, 37 
Bund(s), anisotropic, Wo 
contraction, 12] 
Flunter-Sctneger, 218 
isouopic, 119 
Bars, erminal, 32 
Bartholin, glands of, 448 
Basement membrane, 20 
Basichromatin, 20 
Basilar membrane, 498, 504 
epithelial lnyer of, $06 
middle fibrous layer of 508 
tympanie¢ layer of, 506 
Basket calls, salivary glends, 278 
Basophilic leucocytes, 101 
appearance, 101 
development, 99 
function, 101 
motility, 101 
vumber, 101 
size, 101 
staining characteristics, 101 
Basophils, hypophysis, 356 
Bellini, ducts of, kidney, $34 
Bertini, columns of, 825 
Beta cells, hypophysis, 856 
pancrens, 286 
Bile canaliculi, 298 
Bile ducts, 298, 590 
conan, 293 
cystic, 298, 298 
hepatic, 298 
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Biliary Canal system, 294 
Bilary Geruncle, 258 
Bipolar cells, retuna, 462 
Bipolar noun, 127 
Bladder, gall, 206, 590 
minary, 339, G02 
Bhindin, glands of, 284 
Blood, 89, 543 
antibodies, 91 
chylomicrons, 108 
clotting, dheary of, 102 
composition, 89 
corpuscles, OT 
development, 103 
extramedullary hemopoiesis, 14 
hemopoiess, 104 
lymphoid clements, 108 
myeloid elements, 108, 106 
theories of, 108 
monophyletic, 101 
polyphytetic, 104 
diapectesis, 96, 179 
dlust, 108 
erythrocytes, 91, B44 
fibvin, 102 
fibrinogen, 102 
lormed clements, 91 
hemoconia, 108 
hemopoicsis, 104 
immature cells in bone muow, 104 
leucocytes, 95, 648 
Arneth count, 99 
granular, 99, 548 
basophils, 101 
cosinaphils, 100 
neutrophils, 99 
nongranular, 96 
lympshac yees, 06, bd 
monocytes, 97, 548 
lymph, 108 
mative cells in bone marrow, 108 
erythrocytes, 107 
granulocytes, 107 
lymphocytes, 105 
megakaryocytes, 109 
monocytes, 106 
plasnia, 90 
platelets, 102 
prothrombin, 102 
red corpuscles, 91 
Schilling count. 100 
serum, 9} 
thrombin, 102 


Blood--(Contenued) 
thrombocytes, 02, 515 
Unemboplastan, 102 
vessels, 173 
solume, 89 
white cells, 05 
white count, 95 

Body, quotid, [82 
coceypedh, TH8 
Golgi, 18, 180 
al Tighmiare, 389 
of uterus, 120 
vitelline, 419 

Boettcher, cells of, 509 

Bone, 69, 538 
hlood supply, 83 
cucination, 69 
canaliculi, 78 
cnncellous, 70 
cells, 85 

osteoblasts, 75,77, 85 
asteaclasts, 78, 85 
osteocytes, 78, 78, 86 
compact, 70 
decalcification, 69 
endosteum, 71 
epiphyseal goose, 83 
epiphyseal plate, 88 
fibers, 74 
formation, 76 
endochoudtal, 79, 897 
grow), 82 
intracartilaginons, 79 
chondrial) 
Intramembuuions, 76, 695 
ossification, 77 
osteoblasts, 77, 85 
asteaclasts, 78, 85 
Ostea ytes, 78, 86 
osteoicl, 77 
periosteal bud, 79 
function, 69 
Flaversian canals, 72 
TTaversian spaces, 78 
TTowship’s Incunae, 85 
inorganic constituents of, 69 
lacunae, 73 
Tametlae, 71 
concentric, 72 
external circumferential. 71 
internal circumferential, 78 
intersutial, 72 
marrow, 84, S41 
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Ott 
Bout—(Gontatucd} 
mi row—(Contmued) 
cavity, 70 
primary spaces, 79 
red, 84 
secondary spaces, 81 
yellow, 85 
matrix, 69 
ossification of, 77 
ostein, 69 
perforating fibers, 75 
periosteum, 75 
resorption, 78 
Shar pey’s fibers, 75 
spongy, 70 
Volkmann's canals, 74 
Bony labyrinth, ear, 493 
Bony spiral lamina, 493 
Border cells, Corti’s ongan, $06 
Bouton, 147 
Bowman's capsule, kidney, $28 
Bowman's glands of nasul fossac, 805 
Bowman’s membrane, eye, 467 
Biain sand. pineal, 868 
Bronchi, 314, 816, 596 
cartilages, 316 
epithelium, 316 
Bronchioles, 316, 596 
branching of, 316 
respiratoty, 317 
size, 816 
strucuure of, 316 
terminal, 317 
Bilicke’s nuscle, 469 
Brunner, glands of, 251, 253 
Brash barder, $32 
Bulhourethtral glands, 409, 621 
secretion of, 409 
Bundle of His, 184, 558 


Cc 


C cells, islands of Langerhans, 288 
Cabot's rings, 95, 108 
Calcification, cartilage, 62 
Calcination of boue, G8 
Calyces of kidney, 327 
Canal, anal, 262 

cervical, of uterus, 429 

YWaversian, 72 

hyaloid, of vitreous body, 452 

Nuel’s, 509 

Petit’s, 475 

portal, 298 

root, of tooth, 222 
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Gathal--(Gondnned) 
Schlemm’s, 169 
semicircular, 193 
Volkmann's, 7L 
Canaliculi, bile, 208 
hone, 78 
Cancellous bone, 70 
Gapillnies, 177 
characteristics, 177 
contractility, 178 
function, 170 
lymph, 186 
permeability, 179 
Rouge cells, 178 
size, 177 
terminal arcerit, of spleen, 197 
Capsule, Bowman's, $28 
cartilage, 64 
dental, 226 
Glisson’s, 289 
lens, 474 
Cmbohydrates, in cells, 16 
Gardiac, conduction system, 184 
glands, esophagits, 238 
stomach, 241 

muscle, 122, 548 
cross strintions, 122 
fibers, 122 
fibrilliae, 122 
intercalated discs, 128 
nudei, 128 
regeneration, 124 

Garatid borly, 182 

Carcitage, 60, 580 
albumoid, 68 
wdaudar, 60 
asbestos. 65 
calcification, 62 
capsule, 62 
chondvoblasts, 64 
chondroitin-sulfuric acid, 62 
chondromucoid, 62 
elastic, 66, 532 
fibrous, 65, 582 
growth, 63 

appositional, 64 
interstitial, 64 
hyaline, 60, 530 
chemistry, 62 
development, 60 
fibers, 64 
matrix, 62 
occurrence of, 61 


INDIA (it 


Gattilige=(Gon tinned) 
hyaline—(Gontinued) 
saining properties, 62 
interterritorial matrix, 62 
lacunae, 62 
nutrition, 64 
perichondrium, 60 
repair, 65 
retrograde changes, 65 
territorial matrix, 62 
Carunele, biliary, 253 
Cebu, (4, 514 
cytoplasm, 15 
definition of, 15 
diflerentiation af, 26 
division, 22 
direct (amitosis), 23 
indirect (mitosis: katyokinesis), 28 
karyokinesis, 25 
mitosis, 28, 515 
anaphase, 25 
metaphase, 25 
prophase, 25 
resting slige, 24 
telephase, 25 
membrane, 19 
nucleus, 19 
shape, 20 
amorphous, 22 
columnar, 22 
cuboidal, 22 
fusiform, 22 
polygonal, 20 
pyramidal, 20 
spherical, 20 
squamous, 21 
stellate, 22 
structure, 15 
Cells, A, islands of Langerhans, 286 
acidophil, of hypophysis, 856 
alpha, of hypophysis, 356 
of pancrens, 286 
muacring, 463 
ameloblasts, 216 
argentafling, 244 
astrocytes, fibrous, 163 
protoplasmic, 165 
8, islands of Langerhans, 286 
balloon, 37 
basket, 278 
basophil, of hypophysis, $56 
beta, of hypophysis, 356 
of pancrens, 286 


Cells-{Gantinued) 


hipobury, retina, 102 
blood, 91 
Boett her's, 50H 
of bone marrew, nomatne, 104 
muttine, 105 
border, Gorti's organ, 506 
G, ishinds of Langerhans, 288 
cementoblisty, 221 
comentory ies, 22) 
centroacinin, of pancreas, 288 
chief, of hypophysis, 857 
of parathyroid, 318, 349 
of stomach, 242 
chondroblasts, 64 
chromatlin, $49 
chromatophores, of choroid, 455 
of skin, 870 
chromophil, of hypophyss, $55 
chromophobe, of hypophysis, 355, 357 
Chauctins, 500 
colloid, of Langendorf, 845 
Deiter's, 508 
division ol, 22 
duat, of lungs, $22 
ependymal, 167 
fibroblast, 46 
ganglion, of retina, 468 
ghost, of blood, 94 
gitter, 166 
goblet, 249 
granulocytes, of blood, 99 
gustatory, 283 
hair, Inner ear, 506 
outer ear, 509 
heart failure, 822 
Tlensen’s, 509 
hepatic, 289 
histiocyte, 47 
horizontal, of retina, 462 
interfollicular, ol Chyroid, $46 
interstitial, of ovary, 122 
ol Leatis, 391 
Kiiptler'’s, 295 
Langendort's colloid, 848 
Langerhans, ol skin, 371 
leucocytes, 95 
Leydig's, 894 
mucous, 478 
lutein, 428 
lymphocytes, 96 
macrocytes, 92 
macrophages, 15, 18 
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Gells—(Gontinued) 
niantle, 152, 163 
niast, 48 
megakaryocyte, 109 
melanoblast, 370 
microcyte, 92 
microglia, 165 
monocytes, 97 
myoepithelial, 371, 383, 474, 481 
nerve, 185 
neurilemma sheath, 169 
neurons, 126, 127 
nongranular leucocytes, 96 
odontoblasts, 222 
olfactory, 303 
oligodendioglia, 165 
osteablasts, 75, 77, 85 
osteoclasts, 78, 85 
osteoc yles, 73, 78, 86 
oxyphil, 348, 349 
Paneth, 250 
parictal, 242 
phalangeal, inner, 507 

outer, 508 
pigment, 49 
pituicytes, 358 
plasma, 48 
prickle, 28, 368 
reticular, 44, 107 
reuculocytes, 93, 107 
Rouget, 178 
satellite, 182, 165 
Schwann’s, 144 
septol, of lung, 319 
Sertoli, 391 
spermatogenic, 392 
splenocyte, 196 
spongiocyte, 351 
stipple, 95 
thrombocyte, 102 
thymocyte, 20] 
wandering, 45, 48, 50 
white, of blaod, 95 

Cementoblasts, 22] 

Cementocytes, 221 

Cementum, 220 
cementoblasts, 221 
cementocytes, 221 
function, 221 
structure, 221 

centriole, 16 

Cenuoacinar cells, 285 

Centrosome, 16 
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Genvosphere, (6 
Gerumen, 486 
Cernminous glands, 186 
Cervical Gunal, uterus, 429 
Cervix, uterus, 429 
Chiet cells, hypophysis, $57 
puathyroid, 818, 344 
stomach, 242 
Chonehoblasts, 64 
Ghondroitin-sufuric acitl, 62 
Chondronmicoid, 62 
Ghorda tympani, 488 
Ghovion frondosum, 440 
jneve, 440 
Chorionic villi, 488, 440 
Choroid, 151, 455, 682 
blood supply, 456 
chromatophores, 455 
lamina basalis, 456 
Jamina choviocapillaris, 156 
lamina suprachoroidea, 455 
Tamina vasculosa, 455 
muscle stars, 455 
nerves, 456 
tapetum, 456 
venae vorlicosae, 456 
Chromatlin cells, 849 
Chromatolysis, 189 
Chromatophores, choroid, 455 
akin, 370 
Chromomere, 102 
Chromophil cells, hypophysia, 855 
Chromophil substance, nerve cells. 188 
Chromophohe cells, hypophysis, $55, 857 
Chyle, 248 
Chylomicions, 108 
Cilia, matile, 88 
stercocilin, 34 
Giliary body, 151, 469, 686 
blood supply, 470 
ciltary miutsele, 469 
ciliary processes, 469, 170 
nerves, 47] 
orbicularis cilia is, 469 
Cilinry muscle, of Miller, 470 
of Riolan, 480 
Circumvallate pupillac, 2382 
Claudius, cells of, 509 
Clitoris, 448 
Clotting of blood, theory of, 102 
Club endings, nemons, 147 
Club hairs, 378 
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Goccygenl body, 182 
Cochlea, 498, 646 
cochlear duct, 19 £, 499 
scala tympani, Hd 
vestibuli, 494 
Cochlear duct, 404, 4g 
auditory strings, 506 
auditory teeth af Thschhe, 504 
basilar membrane, 502, 504 
houndaries, 400 
exiermal spiral sulcus, 503 
internal spral sulcus, 604 
organ ol Gori, $06 
Reissner'’s membrane, 401, 502, 504 
shape, 502 
spiral ligament, 502 
spiral limbus, 504 
spiral prominence, 503 
stele vascularis, 503 
vas spirale, 506 
Cohnheim, areas, 118 
Coiled arteries, endometrium, 439, 436, 
487 
Collagen, 50 
Collagenous fibers, 50 
Collicalus seminatis, 407 
Colloid, hypophysis, 857, 858 
parathyroids, $49 
thyroid, 845 
Colloid cells of Langendorf, 845 
Calon, 256, 581 
Colostrum, 885 
corpuscles, 885 
Coltumnne rugie, vagina, 45 
Columns, of Kélliker, 118 
Morgagni, 262 
muscle, 118 
renal, of Bertin}, 825 
GCommissural neuron, 127 
Gommon bile duct, 298 
Compnuet bone, 70 
Compound granular corpuscles, 166 
Coneretions, prostatic, 407 
Cones, retina, 461 
, foot plate, 442 
inner segment, 462 
outer sepment, 161 
shape, 461 
size, 461 
Coni vasculgsi, 890 


<Canjunetiva, 451 


ronnectls @ tasues, 41, 524 
adipose, 56, 527 


Connective Ussues (Gantoned) 
arcolu, 63, 526 





bene, 69, 538 
cartilage, 60, 530 
ehiscic, G6, 592 
finous, 65, 582 
hyaline, 60, 530 
cells AG 
filroblasis, 46 
histior ytes, 47 
niacrophages: fixed, 45 
may 18 
pigment, 49 
plasma, 48 
wandering, 45, 48, 50 
classification, 42 
composition, 4 
clastic, 55, 829 
embryonal, 43 
fihers, 50 
argyrophil, 44 
collagenous, 50 
elastic, 51 
reticular, 44, 51 
white (collagenous), 50 
yellow (clastic), 51 
fibrous, 16, 826 
dense, 54, 528 , 
function of, 41 
ligamentum nuchie, 56, 829 
matrix of, 51 
mesenchyme, 42 
reticular, 44, 528 
tendon, 84, 528 
Contraction band, 121 
Convoluted tubules, distal, kidney, 388 
proximal, kidney, 832 
Corium, 370 
Cornea, 451, 466, 635 
anterior basal layer (Bowman's), 467 
Bownan’s membrane, 467 
canal of Schlemm, 469 
epithelial layer, 467 
limbus, 466 
mesenchymal epithelial layer, 469 
nerves, 460 
pectinace Ugament, 469 
posterior basal layer 
468 
spaces of Foutana, 469 
substantia propria, 468 
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Corona radiata, 420 
Corpora, amylacea, [07 
wrenacea, 363 
Cotpus, albicans, 424 
cavernosum urethra, 409 
luteum, 423 
luteum spurtium, 424 
luteum verum, 424 
spongiosum, 409 
Corpuscles, blood, 91 (See erythrocytes) 
colostium, 385 
genital, 160 
ganular, compound, 1664 
THassall's, 201 
Malpighian, of kidney, 326, 828, 331 
of spleen, 196 
Meissner’s, 159 
Meikel's, 160 
Pacinian, 156 
renal, af Malpighi, $28 
salivary, 205 
splenic, 196 
thymic, 201 
Vater-Pacini, 156 
Cortex, adrenal, 350, 851 
hair, 876 
kidney, 325 
lymph gland, 190 
ovary, 407 
thymus, 201 
Corti, organ of, 506 
Cot ticasterone, 858 
Cowper, glands of, 409, 621 
Crenated blood corpuscles, 94 
Grescents of Gianuzzi, 280 
Gristac ampullaris, 499, 645 
epithelium, 499 
cupula, 499 
function, 499 
nerves, 499 
Gross striations, cardiac muscle, 122 
skeletal muscle, 117 
Crown, of tooth, 216 
Crypts of Licberkiihn, 248, 249 
of tonsils, 203, 205 
Crystalline bodies, in cells, 16 
Cumulus odphorus, 419 
Cupula, 499 
Cuticular layet, hair, 375 
Cuticular plate, 32 
Cystic duct, 293 
Cytoplasm, 15 
inclusions (metaplastic), 16, 18 


Cytoplasm 
inclusions—(Gontinued) 
Gubohydrates (glycogen), 16 
crystalline bodies, 16 
fat droplets, 18 
pigments, 16 
presecretion 
16 
protein accumulations, 16 
yolk granules, 18 
organoids, 16 
cenuosome, 16 
fibrils. 18 
Golgi hady, 18 
mitochondria, 18 


D 


Decalcification of bone, 60 
Decidua, basalis, 440 
capsularis, 440 
vera, 440 
Degeneration, cartilage, 65 
nerve cells, M44 
nerve fibers, 144 
ovarian follicles, 418, 421, 422 
Wallerian, 145 
Deiter's cells, 508 
Demilunes of {eidenhain, 280 
Nendrites, 189 
structure, 139 
Dental capsule, 226 - 
Dental lamina, 225 
papillue, 225 
ridge, 225 
Dental pulp, 221 
function, 222 
odontoblasts, 222 
structure, 222 
Dentinal fibers of Uames, 219 
Dentinal tubules, 219 
Dentine, 219 
chemical composition, 219 
dentinal fibers of Tomes, 219 
dentinal tubules, 219 
fibrils, 220 
granular area of Tomes, 220 
interglobular spaces, 220 
matrix, 219 
sheaths of Neumann, 219 
Dentinoenamel junction, 219 
Derma, 866 
papillary layer, $70 
reticulated layer, 870 
Dermal papillae, 367 


(zymogen) granules, 
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“Descemet's membrane, 168 
Desoxyem ticosterone, 353 
Diapedesis, 96, 179 
Dilluse lymphoid tissue, 189 
Digestive system, 210, 566 

necessory glandular suctiues, 276, 
586 
gall bladder, 206, 500 
liver, 288, 589 
pancreas, 282, 587 
salivary glands, 276, 586 
alimentary tract, 210 
anal canal, 262, 588 
colon, 256,581 
duodenum, 258, 878 
esophagus, 286, 878 
jleocolic valve, 255, 580 
ileum, 254, 580 
jejunum, 258, 578 
latge Intestine, 256, 581 
lips, 211, 566 
mouth, 218 
teeth, 214, 567 
tongue, 250, 571 
pharynx, 234, 572 
rectum, 261, 582 
small intestine, 246, 578 
stomach, 259, 574 
vermiform appendix, 259, 582 
function of, 210 
fundamental atructural plan, 210 
adventitia, 211 
mucosa, QU 
muscularis extern 21 
musewaris mucosa, 2U 
serosa, 211 
submucosa, 211 

Dilator muscle of Rucinger, 262 
Dilator pupillae muscle, 478 
Diplosome, 18 
Discs, intercalated, 123 
Distributing arteries, 175 
Ductleas glands, 271, $18 
Ducts, alveolar, of lungs, $17 

Bellini’s, kidney, 384 

bile, common, 293, 890 
cochlear, 494, 499 

cystic, 298 

cflerent, of testis, $90, 898, 617 
ejaculatory, 401, 408 
endolymphatic, 198, 495 
hepatic, 208 

Hering’s, 298 
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Ducts (Gondnucd) 
lactomal, 181 
lactilerous, 382 
Laschku, 208 
lymphatic, right. 188 
masolactimi, 12 
panceatic, 285 
papilluy, tenal (ol Bellini), $84 
Santorini, 285 
Stensen's, 278 
thoracic, 188 
nericulosiceular, 495, 
Whuartan's, 280 
Wirsung's, 285 

Duc tus delerens, 398, 618 
adventitia, 400 
ampulla, 400, 401 
course of, 398 
mucosa, 400 
miusculivis, 400 
stereacilia, 400 
stioma, 400 

Ductus endolymphaticus, 495 

Iuctus epididymis, 890, 398, 617 
blood supply, 898 
epithelium, 898 
nerves, 398 
stercocilia, 398 

Ductus reunions, 495 

Duodenal glands, 251, 258 

Auodenum, 258, 878 

Dura mater, 167 

Duat, blood, 108 

Dust cells, lung, $22 


o 


Kar, 484, G42 
auditory apparatus, action of, 511 
Kustachian tube, 490, 643 
external, 484 
auditory meatus, 485 
auricle, 484 
blood vessels, 486 
cerumen, 486 
ceruminous glands, 186 
nerves, 486 
internal, 492, 644 
bony labyrinth, 498 
+ bony spiral lamina, 498 
cochlen, 498, 646 
cochlear duct, 494, 49 
cristae, 499, 645 
ductus endolymphaticus, 498, 495 
ductus reuniens, 498 
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Kar—(Continued) 
internal—(Gontinued) 
endolymph, 495 
endolymphatic sac, 495 
helicotrema, 494 
maculae, 496, 645 


membrane of Reissner, 494, 502, 


504 
membranous labyrinth, 495 
walls of, 495 
membranous spital lamina, 493 
modiolus, 493 
organ of Corti, 506 
perilymph, 495 
saccule, 495 
scalac, 494 
semicircular canals, 493 
utricle, 495 
utriculosaccular duct, 495 
vestibular aqueduct, 193 
vestibule, 493 
middle, 487, 642 
auditoly ossicles, 487, 488 
chordi tympani, 488 
fenestrae, 487 
mucous membrane, 488 
2 muscles, 488 
stapedius, 488 
tensor tympani, 488 
tympanic membrane, 489 
blood supply, 490 
cutancous layer, 189 
fibrous layer, 490 
mucous layer, 490 
nerves, 490 
walls of, 487 
von Ebner, glands of, 284 
Efferent ducts, testis, 390, 898, 617 
epithelium, 398 , 
interstitial connective tissue, 398 
nerves, 398 
plexus myospermaticus, 398 
Fffeent glomerular artery, kidney, 328 
Khelich-Teinz ganutes, 95 
Ejaculatory ducts, 408 
epithelium, 408 
Elastic arteries, 178, 555 
caitilage, 66, 532 
connective Ligsue, 55, 529 
fibers, 51 
Eleidin, 869 
Embryonal connective tissue, 48, 525 
Enamel, 216 


Enamel—(Contnued) 
ameloblast, 216 
hands of Hunter-Schreger, 218 
calcification, 216 
coment subseince, 217 
chemical compasitian 216 
cuddle, 218 * 
mowth of, 218 
inrperfections of, 219 
incremental tittes, 218 
lamellae, 219 
lines of Rewsins, 218 
rods, 216 
sheaths, 216 
spindles, 219 
tulls, 219 
Enamel organ, 225 
Faeapsulated nerve endings, 156 
End bulbs, of Krause, 160 
rods, retina, 460 
Eudacardium, 188 
Endochondtal bone formation, 79, 597 
Endocrine glands, 848, 608 
adrenals, 349, 605 
characteristics of, 848 
hypophysis, 355, 606 
islands of Langeshans, 266 
parathynoids, 347, 604 
pineal, 868, 607 
thyroid, $48, 603 
Fudolymph, 495 
Endolymphatic duct, 498, 49 
sac, 495 
Endometrium, 429 
basal Jayer, 429 
cyclic changes, 482 
epithelium, 429, 430 
functional layer, 429 
glands, 429 
menstruation, 482 
shoma, 430 
Endomysiam, 117 
Endoneurium, 150 
Endosteum, 71 
Endothelium, 3} 
repair of, 31 
Eosinophilic leucocytes, 100 
appearance, 100 
development, 99 
function, 101 
motility, 101 
number, 100 
size, 100 


oe 
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Fosinophilic leucocytes -(Gontanued) 
stiining Charactensdcy, 100 
bpendynial cells, 167 
Lpicardinm, 183 
Epidenmis, 866 
cells of Langerhans, $71 
chromatophores, 870 
eluidin, 869 
keratin, 360 
keratohyalin, 869 
inelanin, 370 
melanoblasts, 370 
pareleidin, 869 
stratum cornewun, $67, 369 
goiminativum, 867, 869 
granulosum, 867, 869 
luciclum, 367, 869 
Epididymis, 898 
Lpiglottis, 307 
Epilemmat neive endings, 157 
Lpimysium, 117 
bpincurium, 150 
F piphyseal groove, 83 
plate, 88 
Lpithelium, 28, 517 
airangement of cells, 80 
basement membrane, 29 
characteristics, 28 
cilin, 88 
classifiention, 29 
composition, 28 
cusicular plate, 82 
definition of, 28 
glandular, $8, 520 
mesenchymal, 81 
motile cilia, 88 
protoplasmic bridges, 28 
pscudostratifad, #4, 519 
shape of cells, 29 
simple, 80, 617 
columnar, $2, 518 
cuboidal, 82, 518 
squamous, 80, 517 
stercocil{a, $6 
stratified, 85, 521 
columnar, 87, 622 
squamous, 85, 521 
striated! border, 82 
(erininal bars, 82 
tonofibrits, 28, 868 
transitional, 87, 522 
Kponychium, 880 
Epodphoron, 427 
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kquator of eye, 449 
hrecile Ussue, ditoris, 448 
penis, 110 
biythtoblast, 107 
brythiocytes, G1, 5 ft 
agglutination, 44 
fabou’s rags, 95, LOR 
chemical constitutents, 8 
colon, 22 
cremated corpuscles, 04 
bhalich-Teinz granules, 95 
function, 91 
ghost cells, 4 
hemoglobin, 98 
average content, 98 
hemolysins, 94 
hemolysis, 4 
Towell-folly bodies, 95, 108 
faking, 94 
hife span, 91 
macroc ytes, 92 
micracyles, 92 
number, 92 
conditions affecting, 94 
reticulocytes, 93, 107 
rouleux, 4 
shape, 92 
size, 02 
stipple cells, 95 
stroma, 98 
Esophageal glands, 288 
Kaophagus, 286, 878 
adventitia, 288 
blood supply. 289 
glands, cardiac, 288 
esophageal, 288 
lymphatics, 289 
mucosa, 286 
muscularis externa, 236 
unicasie, 286 
nerves, 239 
Auverbach's plexas, 289 
Meissner’s plexus, 289 
submucosa, 286 
Estrogen, 424, 445 
Eustachian wba, 490, 648 
Rxocrine glands, 271 
branched dcinar, 278 
branched alveolar, 278 
compound acinar, 278 
compound alveolar, 278 
compound tubular, 278 
sncenlar, 273 
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Fxocrine glands—(Gontinued) 
simple branched tubula, 273 
simple coiled tubular, 278 
simple straight tubulin, 278 
unicellular, 271 

External auditory meatus, 185 

External ear, 484, 642 

External elastic membrane, 176 

External genitalia, female, 447 

External sphincter muscle, anus, 262 

Fxtacapsulas dendrites, 158 

Pxtrauterine pregnancies, 429 

I xtroceptors, 129, 154 

Eye, 449, 631 

anterior pole, 449 

conjunctiva, 451 

equator, 449 

eyeball, 451, 631 

eyelids, 477, 639 

fascia, 449 . 

lactimal apparatus, 449, 481, 641 

mevidians, 449 

muscles, 451 

optic avis, 449 

optic nerve, 475 

orbit, 449 

posterior pole, 442 

shape, 449 

space of Tenon, 450 

visual axis, 449 

“yeball, 451, 631 

aqueous humor, 452 

chambers of, anterior, 452 
posterior, 452 

choroid, 451, 455, 632 

ciliary body, 451, 469, 636 

cornea, 451, 635 

fovea centralis, 452, 457, 464 

hyaloid canal, 452 
membrane, 452 

iris, 451, 471, 6386 

Jamina cribtosa, 451, 453 

lens, 474, 637 

macula luted, 452, 457, 464 

optic disc, 452, 457 

ora serrata, 452,457 

pupil, 451 

pupillary border, 451 

retina, 451, 456, 633 

sclera, 451, 452, 682 

segments of, anterior, 452 
posterior, 452 

vitreous body, 452 
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Iyelashes, 478 
Vyelids, 477, 689 

blood supply, 480 

conjunctiva, 478 

glands, of Tenle, 480 
ol Kiause, 180 
Meibomian, 480 
of Moll, 178 
of Zciss, 478 

lymphatics, 480 

mucous cells of Leydip, 478 

muscles, 480 
ciliny of Riolan, 480 
inferior tisal, 480 
levator palpebiac, 480 
obicularis palpebs avium, 480 
tarsal of Millet, 480 

nerves, 480 

skin of, 477 

tarsal plate, 478 


F 


False erectile tissuc, 802 
Fasciculi, muscte, 117 
Fat dioplets, in cells, 18 
Female reproductive system, 415 (See 
reploductive organs, female) 
Female urethra, 446, 680 
Fenestra cochlene, 487 
vestibulac, 487, 
Ferrein, processes of, in kidney, 825 
Fiber layer of Henle, retina, 164 
Fibers, arcuate, of cornea, 468 
avgyrophil, 44 
border, 44 
cardiac muscle, 122 
centrifugal, al retina, 468 
centripetal, af retina, 468 
collagenous, 50 
cone, 462 
dentinal, 219 
clastic, 51 
lens, 474 
verve, 141 
perforating, of bone, 75 
postganglionic, 180 
preganglionic, 190 
radial, of Miiller, 457, 468 
Remak's, 144 
icticular, 51 
rod, 160 
Sharpey’s, 75 
smooth muscle, 118 


Fibers—(Gonlinued) 
suited muscle, 117 
‘Yomes', 219 

Fibrillae, of cells, 18, 44 
muscle, cardine, 122 

skeletal, 118 
smooth, 115 
newofibrilac, 187 

¥ibrin, 102 

Tibsinogen, 102 

Fibroblast, 46 

Fibrous, astrocyte, 168 
cartilage, G5, 582 
connective tissue, 46 

Filiform papillae, odo 

Foliate papillae, 232 

Follicles, agminated, 189 
hair, $78 
of Nabath, 480 
ovarian, 417 

atretic, 121 
Graafian, 417 
maturation of, 419 
primary, 418 
solitary lymph, 189, 251 
thyroid, 844 

Follicular cells, ovary, 410, 420 
thyroid, 844 

Fontana, spaces of, 460 

Foramen, apical, of Looth, 222 

Fornix, of eye. 178 

Fossa navicularis, 410 

Fovea centralis, retina, 452, 457, 464 

Free nerve endings, 158 

Frenulum, of tongue, 294 

Fundie glands, stomach, 241 

Fundus, werus, 429 

Fungiform papillae, 282 

Funiculi, 150 

G 

Gall bladder, 296, 590 
adventitia, 208 
cystic duct, 203, 208 
ducts of Luschka, 298 
function, 296 
mucosa, 296 
muscularis, 298 
Rokitansky-Ascholl sitruses, 208 
structure, 296 

Ganglla, autonomic, 152 
spinal, 12 

Ganglion cell, craniospinal, 126 
of retina, 468 
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Ganglion cell layer, retina, 463 
Gastric glands, 211 
chief cells, 212 
parietal cells, 242 
Gasuic pits, 242, 244 
Gemmule, 147 
Genital corpuscles, 160 
Genital ducts, male, 896 
deferens, $98 
eflerent, 890, 398 
epididymis, 890, 898 
Genital glands, accessory, 402 
bulbo-urethral (Cowper's), 409, 621 
prostate, 404, 619 
seminal vesicles, 402, 61) 
Genitalia, external, female, 447 
clitoris, 448 
labia majora, 447 
labia minora, 448 
Germ cells, ovary, 418 
testis, 891 
Germinal centers, 189 
lymph nodes, 189 
spleen, 196 
tonsils, 204, 205 
Ghost cells, of blood, 94 
Giatuze, crescents of, 280 
Ginygiva, 215 
Giuter cells, 166 
Glands, agminuted, 189 
apocrine, 275 
areolar, of Montgomery, 881 
Bu thotin’s, 448 
Blandin's, 284 
Vownan’s, 805 
Hrunner’s, 251, 258 
bulbo-uethral, 409, 62] 
cardiac, of esophagus, 288 
of stomach, 241 
ceruminous, 486 
compound, 278 
Cowper's, 400, 621 
cytogenie, $87 
ducuess, 271, 848 
duodenal, 251, 253 
von Ebner's, 284 
endocrine, 271, 48 
adrenal, 849, 608 
hypophysis, 855, 606 
islancls of Langerhans, 286 
parathyroids, 847, 604 ’ 
pineal, 868, 607 
thyroid, $48, 608 
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Glands—(Gontinued) 
esophageal, 238 
exocrine, 271 
branched alveolar, 273 
acinar, 278 
compound alveolat, 273 
acinar, 278 
saccular, 273 
simple branched tubular, 273 
coiled tubular, 273 
straight tubular, 273 
unicellular, 271 
gastric, 241 
genital, accessory, 402 
Henle’s, 480 
holocrine, 275 
intramuscular, of anus, 262 
Krause’s, 480 
Jabial, 212° 
lacrimal, 481, 64] 
Lieberkiihn’s, 248, 249 
Littré's, 413 
mammaty, 381, 613 
Meibomian, 480 
merocrine, 275 
mixed, 274 
Mall's, 478 
Montgomery's, areolar, 381 
mucous, 274 
pancreas, 282, 587 
parotid, 276, 586 
pituitary, 355, 606 
prostate, 404 
pyloric, 244 
saccular, 278 
salivary, 276, 686 
sebaceous, 212, 264,278 
seminal vesicles, 402 
serous, 274 
simple, 273 
structure of, 27], 272 
sublingual, 281, 887 
submaxillary, 279, 587 
sweat, 212, 273 
Tyson’s, 410 
urethral, of Littré, 413 
Zeiss, 478 
Glandular epithelium, 38, 520 
Glans penis, 410 
Glia, 162 (See neuroglia) 
Glisson, capsule of, 289 
Glometuli, kidney, 828 
Glycogen, 16 
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Goblet cells, Intestine, 249 
Golgi body, 18 
in neve cells, 139 
Graafian follicle, 417 
Granular area of ‘tomes, 220 
Granule(s), alpha, hypophysis, 356 
alpha, pancreas, 286 
heta, hypophysis, 856 
pancreis, 288 
brain sand, pineal, 363 
of chromaffin cells, adrenal, 852 
chromatin, 20 
of Ehilich-ITeinz, 95 
of granulocytes, blood, 99 
of hepatic cells, 294 
Niss!'s nerve cell, 138 
pigment, 16 
of derma, 370 
of nerve cells, 139 
secretory ¢pithelial cells, 18 
in salivary glands, 277, 280 
zymogen, 16 
of gastric glands, 242 
of pancreas, 283 
Granulocytes of blood, 99, 545 
Gubernaculum testis, 389 
Gums, 215 
Gustatory cells, 288 
pore, 233 
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Hair, $72, 610 
blood supply, 878 
bulb, 872 
club, 878 
cortex, 876 
cuticle, 876 
distribution, 872 
follicle, $73 
connective tissue ol, 875 
glands, 376 
inner root sheath, 372, $75 
cuticular layer, 375 
ITenle's layer, 875 
Huxley's layer, 875 
muscles, 375 
outer root sheath, $72, 875 
sebaceous glands, 376 
matrix, 376 
medulla, 876 
netyes, 379 
papillac, 872 
replacement of, 376 
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Yair—-(Continucd) 
raot, 872 
shaft, $72 
spindles, 876 
theca, 875 
Hair cells, inner, 506 
outer, 509 
Tard palate, 214 
Tlassill’s corpuscles, 201 
Tlaversian canals, 72 
spaces, 78 
TYeart, 182 
annul fibvosi, 188 
atria, 182 
atrioventricular node, 185 
valves, 184, 558 
blood supply of, 186 
bundle of Tis, 184, 558 
endocardium, 188 
epicardium, 188 
impulse conducting system, 184, 558 
myocardium, 183 
nerve supply, 186 
parasympathetic tnuervation, 186 
pericardium, 183 
Purkinje fibers, 184 
sinoauricular node, 185 
, Sympathetic innervation, 186 
yalve(s), 188, 558 
atrioventricular, 184, 588 
semilunar, 184, 558 
ventricles, 182 
Fleart failure cells, 822 
Heldenhain, demilunes of, 280 
Helicing artertes, 411 
Helicotrema, 494 
Tlemoconia, 103 
Hemocytoblast, 107 
Tlemoglobin, 98 
Hemolymph nodes, 194, 561 
Hemolysins, 94 
Hemoalysis, 94 
Hemopoiesis, 104 
Henle, fiber layer of, retina, 464 
glands of, 480 
Jayer, of hair, 875 
loop of, kidney, 838 
sheath, 150 
Hensen, calls af, 809 
stripe of 510 
Hensen’s disc, 120 
Eensen's Ine, (20 
Wepatic cells, 289 


Hepatic cells (Continued) 
cods, 208 
duct, 298 
lobules, 293 
Uerng, dicts ol, 208 
Treitwig, sheath of, 227 
Lighmore, body of, $89 
tis, bundle of, (84, 558 
Ilisnacyte, 47 
Holocrine glands, 275 
Horizontal cells, retina, 462 
Tormones, of adrenal, 859 
of hypophysis, 861 
adrenotrophic, 861 
follidle-stimulating, 361 
gonadoviophic, 861 
growth promoting, 361 
titermectiu, 868 
lactogenic, $62 
Juteinizing, 961 
Iutcotrophine, 862 
pitvessin, 868 
pilocin, 868 
thyrotrophie, 861 
of ovary, 124 
of panicrens, 288 
of parathyroid, 849 
of plifcenta, 410 
of testis, 894 
of thyroid, $46, 847 
Lfouston, valves of, 262 
Towell-Jally bodies, 05, 108 
Howship's lacunae, 85 
Tfunter-Schreger, bands of, 218 
TTuschike, auditory teed, 404 
Husley's layer, hain, 875 
Tyaline cartilage, 60, 580 
Hyaloid can, 452 
membrane, 452 
Hyalomere, 102 
Hymen, 446 
Hypertonic solution, effect on blood 
cells, 94 
Hypolenmmal nerve endings, 161 
Hypophysis, 855, 606 
blood supply, 860 
chromophil cells, 355 
alpha, 856 
beta, 854 
chromophobe cells, 355, 857 
colloid, 857, 858 
divisions of, $55 
function, 861 
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Wypophysis—(Gontinued) 
hormones, 861 
lymphatics, 361 
nerves, 361 
pars distalis, 355 { 
intermedia, 357 
nervosa, 358 
tuberalis, 357 
pituicytes, 358 
Rathke’s pouch, 355 
size, 355 
weight, 355 
Hypotonic solution, effect. on blood 
cells, 94 
I 
Identification of unknown tissues 
alimentary tract, segments of, 584 
bile duct, 630 
blood, 543 
bone matrow, 543 
connective tissues, 538 
epithelial, 522 
lacrimal gland, 591 
lung, 598 
lymphoid organs, 565 
mammary gland, 614 
muicle tissues, 548 
pancreas, 591 
parotid gland, 591 
ureter, 630 
uterine tube, 630 
yas deferens, 630 
Ileo colic valve, 255, $80 
fleum, 254, 580 
Implantation cone, nerve cell, 140 
Impulse conduction, heart, 184 
Impulse transmission, netyes, 127, 148, 
558 
conduction rates, 149 
Incisures of Schmidt-Lanterman, 148 
Inclusions, in cells, 18 
Incremental lines, camel, 218 
Retvius, 218 
Incus, 488 
Indirect cell diviston, 23 
Inferior tarsal muscle, 480 
Infundibulum, oviducts, 426 
Inner limiting membrane, retina, 463 
Insulin, 288 
Tntercalated discs, 128 
duets, 278, 280, 285 
Intercellular bridges, 368 
secretory canals, 284 
Interfollicular cells, thyroid, 346 
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Interglobular spaces, 220 
Intermediate lobe, hypophysis, 357 
Internal cietumferential lamellae, bone, 
73 
Tnternal ear, 492, 644 
Internal sphincter muscle, anus, 262 
Intersutial cells, af ovary, 122 
of testis, 894 
Interstitial lamellae, bone, 72 
Intertenitorial matrix, 62 
Intestines, crypts of Gieberkilhn, 248, 
249 
Jarge, 256 
plicae circulares, 246 
amall, 246 
villi, 246 
Intracapsular dendrites, 158 
Intiacellular secretory canals, 284 
Tnttamembtanous bone fornation, 76, 
538 
Intramuscular glands, of anus, 262 
Involuntary muscle, 118 
Tnyohution, mammary glands, 885 
thymus, 202 
Tris, 451, 471, 636 
anterior border layer, 472 
dilator pupillae muscle, 478 
mesenchymal epithelial layer, 471 
nerves, 474 . 
pigmented epithelium, 472 
pupillary border, 471 
sphincter pupillac muscle, 478 
vessels of, 474 
Tslands of Langerhans, 286 
lsatropic band, 119 
Isthmus, ovidtices, 426 


J 


J band, striated muscle. 120 

Jacobson’s organ, 305, 892 

Jejunuin, 258, 579 

Jelly, Wharton's, 44 

Juxtaglomeralar apparatus, 380 
K 


Karyokinesis, 23 
Karyosomes, 20 
Keratin, 869 
Keratohyalin, 869 
Key and Retvius, sheath of, 148 
Kidney, 825, 598 
blood supply, 384 
aflerent arteries, 828, 885 
arcuate arterics, 885 
arcuate veins, 335 
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Kidney—(Gontinned) 
blood supply(Gontinucd) 
arleringe vectie, 335 
eflerent mteries, $28, $35 
interlobar arteries, 85 1 
interlobar veins, 335 
interlobular arteries, 335 
stellate veins of Verheyen, 895 
venae rectae, 835 
Bowman's capsule, $28 
calyces, 327 
cortex, 825 
medullary rays, 825 
pars convoluta, 825 
pars radiata, $25 
renal columns of Bertini, 825 
function, $25 
glomerulus, 828 
hilum, 825 
juxtaglomerular apparatus, 380 
lymphatics, 835 
Malpighian corpuscle, $26, 828, 881 
pyramids, 826 
medulla, 826 
renal papillae, $26 
pyramid (Malpighian), 826 
nephron, 881 
nerves, 336 
renal artery, §84 
renal corpuscle, $28 
Bowman's capsule, 828 
glomerulus, 828 
number, 288 
size, 828 
renal pelvis, 326 
renal sinus, 825 
size, 825 
uriniferous uubules, 880 
collecting (excretory) portion, 834 
arched tubules, 384 
collecting tubules, 884 
papillary ducts (Bellini), 884 
secretory portion, 882 
distal couvoluted tubules, $38 
lodp, of Henle, 888 
proximal convoluted cubulds, 882 
Kdlliker, columns of, 118 
Krause, end bulb of, 160 
glands of, 480 
membrane of, 120 
Ktpllar cells, 295 





L 
Labia majors, 447 
rhinora, 448 


{aba glands, 212 
Labyrinth, bony, 198 
memos, 405 
Tacrimal ghunds, 181, 541 
ducts, 481 
sie, ABZ 
secreting: Cubules, 48] 
secredou, 481 
Lactation, $84 
Tacteals, 186, 248 
UL actiferons ducts, $82 
Lacunae, bone, 78 
cartilage, 62 
cementum, 221 
Howship’s, 85 
Laking, 94 
Lamellae, bone, 7] 
Lamina, dental, 225 
Lamina basally, of choroid, 456 
choriocapillaris, of choroid, 456 
cribrosa, of sclera, 451, 458 
fusca, of sclera, 454 
suprachoroiden, of choroid, 455 
vasculosa, of choroid, 455 
Langendorf, colloid cells, $45 
Langerhans, cells of, skin, $71 
islands of, pancreas, 286 
Tanghans’ layer, 440 
cells of, 440 
J nrge intestine, 256, 581 
anal Gunn, 262, BBY 
appeuclix, vermiform, 259, 682 
colon, 256, 581 
hansua, 259 
wucosn, 257 
rmouscularis externa, 259 
mucasie, 259 
rectum, 261, 582 
serosa, 259 
submucosa, 259 
taenine coli, 259 
Larynx, $06, 59 
hlood supply, $09 
cartilages, 806 
ae 407 
glands, $09 
lymphatics, 810 
nerves, 810 
Leus of eye. 474, 687 
capsule, 174 
epithelium, 474 
Abers, 474 
growth, 474 
nuclear zone, 474 
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Lens of eye—(Continued) 
size, 474 
suspensory ligament, 474 
Leucocytes, 95, 543 
basophils, 10] 
eosinophils, 100 
granulocytes, 99, 545 
lymphocytes, 96, 544 
monocyles, 97, 545 
neutrophils, 99 
Arneth count, 99 
Schilling count, 100 
nongranular, 96 
number, 95 
Levator palpebrae muscle, 480 
Leydig cells, 894 
mucous cells of, 478 
Lieberkithn, crypts af, 248, 249 
Ligament, suspensory, of lens, 474 
Ligamentum nuchae, 56, 529 
Limbus of eye, 466 
Line(s), Hensen’s, 120 
incremental, 218 
Retvius, 218 
Lingual glands, 234, 364 
septum, 281 
tonsils, 205 
Lips, 211, 566 
blood supply, 218 
cutancous surface, 211 
glands, 212 
mucous surface, 212 
nerves, 213 
sucking disc, 212 
Liquor folliculi, 419 
Littré, urethral glands of, 413 
Liver, 288, 589 
biliary canal system, 298 
hlood supply, 290 
capsule of Glisson, 289 
common bile duct, 293 
connective tissue, 289 
ducts of TTering, 293 
functions, 289 
hepatic cells, 289 
cords, 293 
lobules, 293 
Kiipffer cetls, 295 
lymphatics, 295 
nerves, 296 
portal canals, 293 
regenciation of, 290 
sinusoids, 294 
structure of, 293 
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Lobuli testis, 389 
Lungs, 314, 596 
alveolar ducts, 317 
sacs, 317 
alveoli, 819 
anthracosis, 822 
avin, 817 
blood supply, 822 
bronchi, 814, 316, 596 
Inonchioles, $16, 596 
conducting division, 817 
dust cells, 322 
heart failme cells, 822 
lymphatics, 824 
nerves, $24 
pleura, 822 
primary lobules, 817 
pulmonary alveoli}, 319 
respiratory division, 817 
secondary bronchioles, 816 
septal cells, 819 
terminal bronchioles, $17 
Tanula, 880 
Luschka, ducts of, 298 
Tattern cells, 423 
glanulosa, 424 
theca, 424 
Lymph, 103 
Lymph glands, 190, 560 
blood supply, 191 
capsule, (90, 191 
cells of, 192 
cortex, 191 
function, 192 
germinal centers, 191 
lymph cords, 191 
sinuses, 191 
lymphatic vessels, {91 
medulla, 191 
herves, 192 
nodules, 191 
peripheral shnuses, 191 
trabeculae, 190 
vasa afferentia, 191 
effercntia, 191 
Lymphatic, capillaries, 186 
ducts, 188 
right lymphatic, 188 
thoracic, 188 
system, 186 
vessels, 186, 559 
blood supply, 188 
nerve supply, 188 
Lymphoblasts, 106 
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Lymphocytes, 96, 544 
appemance, 96 
development, 97 
function, 97 
motility, 97 
nuinber, 96 
size, 96 
staining characteristics, 97 
Lymphoid elements af blood, 108 
Lymphoid organs, 189, 560 
hemolymph nodes, 14, 561 
lymph glands, 190, 560 
spleen, 194, 561 
thymus, 200, 562, 
tonsils, 208, 568 
Lymphoid tissue, aggregate, [89 
agminated glands, 189 
components of, 189 
diffuse, 189 
Peyer's patch, 189, 248, 251, 254 


M 


Macrocytes, 92 

Macrophages, 45, 48 
function, 59 
in liver, 295 
in lung, 319 
in lymph nodes, 192 
in spleen, 198 
system of, 58 (See reticulo-endothelial 

system) 

Macula hiten, of retina, 452, 457, 464 
snecull, 496 
utriculi, 496 

Maculae, of membranous labyrinth, 496, 

G48 
connective Ussuc, 497 
epithelium, 496 
function, 498 
hair cells, 497 
nerves, 499 
otolithic membrane, 497 
ovoliths, 497 
sustentacular cells, 496 

Male reproductive systam, 887 (See re 

productive organs, male) 

Male sex cells, 898 
division of, 891 
maturation of, 894 

Male urethea, 413 

Malleus, 488 

eas corpuscles, kidney, 826, 828, 

8 
spleen, (96 
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MLulpighian pyramids, adney, $26 
Munn y gland, 381, G13 
alveoli, inactive pland, 882 
lactating gland, 381 
anpalla, 384 
areola, 881 
atvokur glands of Monqgomery, 881 
blood supply, $85 
colostrtun, 385 
colostrtm corpuscles, 985: 
hormones, action an, 885 
involution, 885 
lactiferous ducts, 882 
lobes, $81 
lymphatics, 386 
inyoepithedial cells, $88 
nerves, 386 
nipple, 881 
secretion of, 885 
Mantle cells, 168 
Marchand's organ, 858 
Marrow, bone, 84, 541 
inmuature hlood cells in, 104 
mature blood cells in, 105 
red, 84 
yellow, 85 
Mast cells, 18 
Matrix, hair, 876 
interterritoulul, hyaline cartilage, 62 
nail, 880 
tervitortal, hyaline cartilage, 62 
Maturation, of mate scx cells, 404 
of ovum, 422 
Meatus, auditory, external, 485 
Media, arteries, 174, 176 
veins, 181 
Medinstinum testis, 889 
Medulla, adrenul, $50, 351 
halr, $76 
kidney, 826 
lymph gland, 191 
ovaty, 417 
dhynius, 201 
Medullary cords, achenal, 852 
lyniph node, 191 
Megakaryocyte, 109 
Meibomian glands, 480 
Meissner's plexus, 245 
tactile cotpuscles, 159 
Melanin, 50 
in retina, 458 
in skin, 970 
Melanoblasts, of skin, $70 
Membranes, arachnold, 168 
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\embranes—(Gontinued) 
basement, 29 
basilar, 498, $04 
Bowman’s, 467 
cell, 19 
Descemet’s, 468 
dlava mater, 167 
external elastic, 176 
internal elastic, 171.176 
Kaause’s, 120 
limiting, inner, of retina, 463 
outer, of retina, 462 
nuclear, 19 
otolithic, 497 
peridental, 223 
pia-glial, 165 
pia mater, 168 
plasma, 115 
Reissner'’s, 494, 502, 504 
reticular, Corti's organ, 509 
Schneiderian, $00 
tectorial, 509 
tympanic, 489 
Membranous labyrinth, 495 
Membranotis urethra, 413 
Meninges, 167 
arachnoid, 168 
china mater, 167 
pia mater, 168 
Menstruating uterus, 482 
cyclic changes, 432 
period of mensu uation, 483 
period of protiferacion, 432 
period of :epair, 132 
secretory period, 432 
necrosin, 436 
relation to ovulation, 437 
role of hormones, 436 
Merkel, tactile corpuscle of, 160 
Merocrine glands, 275 
Mesenchymal epithelium, $1 
Mesenchyme, 42, 525 
Mesothelium, 80 
repair of, 31 
Mesovarium, 416 
Metamyelacyte, 107 
Metaphase, 25 
Micracytes, 92 
Microglia, 165 
phagocytic function, 166 
Micioscope, | 
compound, | 
optics of, 5 
definition, 7 
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Minoscope—-(Gon tinued) 
compound—(Gontinued) 
optics of-(Contmued) 
depth af focus, 8 
relation of magnification to focal 
length, 6 
resolving power, 7 
toll magnification, 6 
use of, 9 
simple, I 
Middle ear, 187, 642 
Milk, $85 
Miller, Gu sal muscle of, 480 
Mitochondria, 18 
Mitosis, 23, 515 
Mitral valve, heart, 184 
Mixed glands, 274 
Modiolus, 498 
Moll, glands of, 478 
Monocytes, 97, 848 
appearance, 97 
development, 97 
function, 97 
motility, 97 
number, 97 
size, 97 
staining characteristics, 97 
Montgomery, arcolar glands of, 881 
Morgagni, colunins of, 262 
Motile cilia, 88 
Motor cnd plate, 161 
Motor nerve endings in niusele, 160, 161 
Mouth, 218 
blood supply, 214 
glands, 214 
lymphatics, 214 
mucous membrane, 213 
nerves, 214 
teeth, 214 
tongue, 230 
Miller, fibers of, retina, 457, 468 
muscle of, 470 
Millerian duct, 408 
Multipolar neuron, 127 
Muscle, arrector pili, 875 
Britcke's, of eye, 469 
cardiac, 122 
ciliary, of Miller, 470 
of Riolan, 480 
columns, of Kdlliker, 118 
conuraction band, 12] 
dilator, of Rudinger, anus, 262 
dilator pupillae, 478 
external sphincter, anus, 262 
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Miatscle—(Gontinned) 
inferior tarsal, 180 
miternal sphincter, anus, 262 
involuntary (smooth), 11S 
levator palpebrac, 480 
motor nerve endings in, 160, 161 
nonstriated (smooth), 118 
orbicularis palpebratium, 180 
sensory nerve endings in, 156 
skeletal, 117 
smooth, 118 
sphincter pupillae, A78 
stapedins, 488 
striated, 117 
superior tarsal, 480 
tarsal, of Miller, 480 
tensor Lympani, 188 
voluntary, 117 
Muscle spindles, 156 
Muscle stars, 455 
Muscular arteries, 175, 556 
Muscularis mucosae, 211 
esophagus, 286 * 
large Intestine, 259 
small intestine, 251 
stomach, 240 
Myelin sheath, 141 
constituents, 142 
function, 142 
SchmideeLanternunn ineisures of, 143 
Myelinated nerve fiber, 141 
Myeloblasts, 107 
Myelacyte, 107 
Myeloid elements of blood, 108, 106 
Myenterie plexus, 245 
Myocardium, 188 
Myochrome, 118 
Myoepithelial cells, tris, 474 
Jacrimal gland, 481 
manmary gland, $83 
sweat gland, 871 
Myofibrillac, cardiac, 122 
skeletal, 118 
smooth, 115 
Myoglia, 115 
Myometrium, 429, 430 
layers of, 481 
N 


Naboth, follicles of, 480 
Nails, 879, 612 
bed, 880 
cponychium, 880 
fold, 879 
groove, 880 


Nails- (Continued) 
lunula, 480 
mattix, 380 
plate, S80 
rant, $79 
wall, 879 
Naked axons, [4 
Nasal fossae, 800, 592 
olfactory region, 302, 598 
hasal cells, 805 
epithelium, 808 
glands of Bowman, 805 
Jacobson’s organ, $05 
olfactory cells, $08 
strom, 305, 
sustentacular cells, 803 
respiratory region, 300, 592 
epithelium, 801 
false erectile tissue, 802 
mucous crypts, 801 
Schneiderian membrane, 300 
stroma, $01 
vestibule, 800 
epithelium, 800 
Nasolacrimal duet, 482 
Neck, of tooth, 26 
Neck cells, stomach, 242 
Necrosin, 436 
Nephron, 381 
Nerve cells, £85, 54 (Ste neurons) 
endings, 184,558 
effectors, 154 
encapsulated, 156, 150 * 
end bulb of Krause, 160 
opilemmal endings, 187 
extroceptors, 129, 154 
free nerve endings, 158 
genital corpuscles, 160 * 
hypolenmial, 161 
Meissner's corpuscles, 150 
muscle spindles? 156 
neurotendinous end organs, 157 
Pacininn corpuscles, 156 
peritrichial, 160 
proprioceptors, 129, 156 o 
receptors, 154 
somatic afferent, 155 
somatic eflerent, 160 
tactile corpuscle of Merkel, 160 
visceral efferent, 129, 161 
fibers, 141, 551 
axis cylinder, 141 
agolemma, 142 
axaplaim, It 
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Nerve cells—(Continued) * 
fibers—(Con tinued) 
central myelinated, 144 
classification of, 141 
degeneration, 144 
end arborizations, 140 
incismes of Schmidt-Lauterman, 148 
internodal segment, 148 
myelin sheath, 141 
myelinated, 141 
naked axons, 144 
neurilemma nucleus, 143 
neurilemma sheath, 141, 148 
neurokeratin, 142 
neuroplasm, 141 
nodes of Ranvier, 143 
petipheral myelinated, [41 
legeneration, 144 
Remak’s, 144 
Schwann's sheath, 141 
sheath of Key and Retius, 148 
size, 140 
somatic afferent, 129 
somatic efferent, 129, 161 
unmyelinated, 141, 144 
visceral afferent, 129 
visceral efferent, 129, 161 
Wallerian degeneration, 145 
ganglia, 152 
autonomic, 152 
capsule of, 152 
extracapsular dendrites, 158 
glomerulus, 152 
intracapsular dendrites, 153 
mantle cells, 152, 163 
satellite cells, 152, 165 
size, 152 
spinal, 152 
impulse transmission, 127, 148 
conduction rates, 149 
synapse, 127, 147 
axodendritic, 147 
axosomatic, 147 
junctions, 147 
apposition, 148 
bouton, 147 
club endings, 147 
gemmutles, 147 
trunks, 150 
endoneurium, 150 
epineurium, 150 
funiculi, 150 
peiineurium, 150 
sheath of ITenle, 150 
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Nerve plexuses, Auerbach's, 245 
Meissner's, 245 
Net vous system, (26 
autonomic, 180 
brain, 126 
cells, 126 
extoceptors, 129, 154 
fibers, 129, 14] 
postganglionic, 180 
pteganglionic, 130 
somatic aflerent, 129 
efferent, 129, 161 
visceral aflerent, 120 
efferent, 129, 161 
function, 126 
neuroglia, 162 
neurons, 126, 185, $49 
association, 127 
bipolar, 127 
commissural, 127 
multipolar, 127 
unipolar, 126 
organization, 126 
parasympathetic, [84 
peripheral, 126 
proprioceptors, 129, 155 
reflex arc, 127 
sensory end organs, 126 
spinal cord, 127 
stimuli, 126 
sympathetic, 180, 188 
synapse, 127, 147 
Neurofibrillac, 187, 141 
Neuroglia, 162 
astrocytes, 168 
classification of, 168 
compound granular corpuscles, 1¢ 
ependymal cells, 167 
fibers, 164 
fibrous astrocytes, 168 
gitter cells, 166 
identification of, 166 
mantle cells, of ganglia, 163 
microglia, 165 
neurilemma sheath cells, 168 
oligodendoglia, 165 
protoplasmic astiocytes, 165 
Neurokeratin, 142 
Neurolemma nucleus, 148 
sheath, 141, 148 
Neurolemma sheath cells, 168 
Neurological stains, 172 
basic, 172 
cresyl violet, 172. 


Neurological stains—(Gonienued) 
basic—-(Continued) 
Nissl’s methylene blue, 172 
toluidine blue, 172 
Golgi method, 172 
Marchi method, 172 
asraie, 172 
silver, 172 
Bodian, 172 
Cajal, 172 
Davenport, 172 
pyridine-silver, 172 
Weigert, 172 
Weil, 172 
Neuromuscular bundle, 157 
Newons, 126, 185 
axon, 140 
axon hillock, 140 
axon Injury, 144 
bipolar, 127 
chromatolysis, 189 
chromophil substance, 188 
collaterals, 140 
commissural, 127 
definition of, 126 
dendrites, 189 
direction of conduction, 127 
end arborizations, 140, 152 
Golgt apparatus, 189 
implantation cone, 140 
inclusions, 186, 189 
karyoplasm, 185 
location of, 185 
mitachondria, 189 
mullipolar, 127 
neutofibrillac, 197, [41 
neuroplasm, 186 
Nissl granules, 188 
perifibrillar substance, 186 
protoplasmic membrane, 185 
protoplasmic processes, 135, 189 
shape, 185 
size, 185 
telodendria, 140 
tigroicl badies, 138 
unipolar, 126 
Neutoplasm, 141 
Neurotendinous end organs, 157 
Neutrophilic leucocytes, 99 
appearance, 99 
Arneth count, 99 
development, 99 
function, 100 
matility, 100, 
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Newophilic leucocytes (Gantanred) 
number, 99 
conditions allectiug, 100 
Schilling count, 100 
size, WD 
staining characteristics, 19 
Newmano's sheath, dentine, 219 
Nipple, §81 
Niss] boclies, 188 
Node, atrioventricular, [85 
of Ranvier, 18 
Nougranular leucocytes of blood, 96 
Nonsttlated muscle, 118 
Normoblast, 107 
Nucleolas, 20 
Nucleus, 19 
chromatic, 19 
definition of, 19 
form, 19 
membrane, 19 
nuclear network, 20 
nucleoli, 20 
number in cell, 19 
sap, 19 
structure, 19 
vesicular, 19 
Nuel, canal of $09 
space of, 509 
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Odontoblasts, 222 
Olfactary region, $02, 598 
basal cells, 805 
of ane $08 
glands of Bowmun, 808 
Jacobson's organ, 805 
olfactory cells, 808 
stroma, 305 
sustentacular cells, 808 
Oligodendroglin, 165 
Odcyte, primary, 428 
secondary, 128 
Odigenesis, 422 
Optic axis, 449 
disc, 152, 157 
nerve, 475, 688 
blood vessels, 476 
sheaths of, 476 
Ora serrata, retina, 452, 457 
Organ, enamel, 225 
of Golgi, 157 
Marchaned’s, 858 
of Zuckerkandl, 854 
Organ ol Gort, 606 
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Oigan ol Coru~(Gentimued) 
border cells, 506 
canal of Nuel, 509 
cells of Boettcher, 509 
cells of Claudius, 509 
cells of Deiteis, 508 
cells of Pensen, 509 
inner hai cells, 506 
inner phalangeal cells, 507 
inner pillars of Gotti, 507 
nerves, 510 
outer hair cells, 509 
outer phalangeal cells, 508 
outer pillars of Coiti, 507 
reticular membrane, 509 
space of Nuel, 509 
stripe of Hensen, 510 
tectotial membrane, 509 
tunnel of Gorti, 507° 
Organoids, cytoplasmic, 16 
Osseous labyrinth, internal ear, 493 
Ossicles, auditor y, 487, 488 
Ossification, 77 
Ostein, 69 
Osteoblasts, 75,77, 85 
Osteoclasts, 78, 85 
Osteocytes, 75, 78, 86 
Osteotet, 77 
Otoconia, 497 
Otolithic membrane, 497 
Otoliths, 497 
Ovaries, 416, 623 
corpus albicans, 424 
luteum, 423 
luteum spurtam, 424 
luteum verum, 424 
cortex, 417 
follicles, 417 
antrum, 419 
atresia of, 421, 422 
corona tadiata, 420 
cumulus o6phor us, 419 
Graafian, 417 
liquor folliculi, 419 
maturation of, 419, 422 
number, 418 
ovulation, 420 
perivitelline space, 420 
primary, 418 
stratum granulosum, 419 
theca, 420 
vitelline body, 419 
zona pellucida, 419, 420 
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Ovaries—(Gontinurd) 
germinal epithelann, 410 
granulosa lutein cells, 421 
interstitial cells, 422 
lutein, 428 
lutein cells, 423 
medulla, 417 
mesovar ium, 416 
stigma, 420 
theci! lutein cells, 424 
tunica albuginea, 417 

Oviducts, 424, 624 
ampulla, 426 
blood supply, 427 
infundibulum, 426 
isthmus, 426 
lymphatics, 427 
mucosa, 426 
muscularis, 427 
nerves, 427 
passage of ovam, 427 
pregnancies, estauterineg, 429 
serosa, 427 

Ovulation, 420 

Ovules, of Naboth, 480 

Ovum, corona tadiata, 420 
fertilizauion, 423 
growth, 423 
maturation, 422 
Size, 120 
zona pellucida, 419, 420 

Oxychiomatin, 20 

Oxyphil cells, parathyroids, $48, 849 

p 

Pacinian corpuscle, [56 

Palate, hard, 214 

Palatine tonsils, 203, 564 

Pancreas, 282, 587 
acini, 288 
centroacinar cells, 288 
ducts, 285 
endocrine portion, 286 
exocrine portion, 283 
function, 288 
insulin, 288 
islands of Langerhans, 286 

cells of, 286 
lobular structure, 288 
pancreatic juice, 288 
secretin, 288 
scerctions of, 288 

Pancreatic juice, 288 
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Paneth calls, 250 
Panniculus adiposa, 866 
Papillac, dental, 225 
mucous membrane, Lips, 212 
mouth, 214 
skin, 370 
Papillae, of tongue, 282 
circumvatlate, 232 
filiform, 282 
foliate, 282 
fungiform, 282 
Papillary ducts, kidney, $84 
Papillary layer, skin, 870 
Paraganplia, 854, 606 
Paranasal sinnses, 806 
mucous membrane, 806 
Parasympathetic nervous system, 180, 
134 
Parathyroids, 347, 604 
bload supply, 842 
capsule, 848 
chief cells, 848, 849 
small dark, 848, $49 
colloid of, 849 
function, 849 
lymphatics, 349 
nerves, 849 
oxyphil cells, 848, 849 
parenchyma, 848 
Pareloidin, 869 
Parietal calls, stomach, 242 
Parotid gland, 276, 586 
Pars convoluta, kidney, 825 
Pars racliata, kidney, 825 
Patches, Peyer's, 189, 248, 251, 254 
Pectinate ligament, eye, 469, 687 
Pelvis, kidney, 825 ; 
Penicillus of spleen, 197 
Penis, 409, 621 
hlood supply, 410 
body, 410 
corpus cavernosum, 409 
corpus spongiosum, 409 
erection of, 411 
glands of Tyson, 410 
glans, 410 
lacunad, 410 
lymphatics, 418 
nerves, 418 
prapuce, 410 
skin of, 410 
A tunica albuginea, 410 
Papsiti, 242 
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Pedlorating has at Shiapey, 75 
Pericaiditum, 188 
Perichondrium, 60 
Peudental membiane, 216, 228 
structure, 224 
Porilymph, 495 
Peromeviun, 429, 491 
Periuysium, 117 
Perinew ini, 150 
Petrosteal bud, 79 
Pevlosteum, 75 
Peripheral myelinated nerve fiber, 4 
Peritvrichial nerve enclings, 160 
Perivascular feet, 165 
Parivitelline space, 420 
Petit, canal ol, eye, 475 
Peyer's patch, 189, 248, 261, 254 
Phalangeal cells. inner, 506 
outer, 508 
Pharyngen) consils, 205, b6d 
Pharyna, 284, 572 
epithelium, 285 
glands. 285 
muscles, 298 
structure, 235 
Pinglial membrane, 165 
Pin mater, 168 
Pigment culls, 60 
Pigments, in cells, 16 
Pineal, $68, 607 
acervulus covebri, $68 
brain sand, 868 
cellsal, 868 
corpora arenacen, 868 
function, 868 ' 
Pinna 484d 
Pituicytes, 858 
Pituitary glund, 985, 606 (See hypoph- 
° ysis) 
Placenta, 488, 627 
cellular trophoblast, 440 
chorion frondosuin, 440 
laeve, 410 
chorionic villi, 488, 440 
decidua basalis, 4410 
capsiaris, 440 
vert, 440 
Tanghan's layer, 440 
syneytlal layer, 140 
syneyUal trophoblast, 440 
umbilical cord, 442 
Plasma, 96 
Plagma membrane, 115 
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Plasmosomes, 20 
Platelets, 102 
appearance, 102 
development, 102 
number, 102 
size, 102 
Plem a, 322 
Plexus, Auetbach’s, 245 
Merssner's, 245 
myenteric 245 
myospermaticus, 398 
submucous, 245 
Pheae circulaes 246 
palmatae, uterus, 429 
Pores, taste, 233 
Portal canal, 293 
Postganglionic fiber, 180 
Precapillary ai tertoles, 176 
Piedentine, 226 
Preganghoniec fiber, 130 
Prepuce, 410 
Presecretion granules 16 
Prrckle cells, 28, 868 
Primary follictes, ovaries, 418 
Primary lobule of lung, 817 
Primary oocyte, 423 
Primary spermatocyte 392 
Processus vaginalis, 388 
Proerythroblast, 107 
Progesterone, 424, 433, 438, 440 
Promyelocyte, 107 
Prophase, 25 
Propuoceptors, 129, 155 
Prostate gland, 404, 619 
alveoli, 405 
blood supply, 408 
capsule of, 404 
colliculus seminalis, 407 
concretions, 407 
corpora amylacea, 407 
epithelium 405 
lymphatics, 409 
nerves, 409 
secretion of, 405 
stroma, 407 
structure, 404 
utriculus prostaticus, 408 
Protein, accumulations in cells, 16 
Prothiombin, 102 
Protoplasmic bridges, 28 
Proximal convoluted tubule, kidney, 
332 
Pseudostiatified epithelnim, $4, 519 


Pulmonary alveoh, 819 
suuctue of walls, 319 
Pulp, dental, 221 
enamel, 225 
red, of spleen, 196 
splenic, 196 
white, of splcen, 196 
Pulp cavity, 221 
Pupil, of eye, 451 
Purkinye fibers, of heart, 184 
Pylowic glands, 244 


Q 
Q band, of muscle fibers, 120, 


R 


Radial fibers of Mullen, 457, 468 
Ranu, connecting, 183 
gray, 133 
white, 138 
Ranvier, node of, 149 
Rathke’s pouch, 355 
Ray(s) astral, 16, 25 
covtical, kidney, 825 
medullary, kidney, 825 
Rectum, 261, 582 
stavictinc, 261 
valves of Houston, 262 
Red blood corpuscles, 91 
Reflex are, 127 ‘ 
Regenerauion connective tissue, 47 
muscle, carchac, 124 
muscle, smroath, 118 
nerve fibers, 145 
liver, 290 
Reissner, membtane af, 494, 502, 504 
Remak'’s fiber, nerve, 144 
Renal artery, $84 
corpusele, $28 
pelvis, 826 
sinus, 825 
Renal columns of Bettini, 825 
Reproductive organs, 887, 415 
female, 415, 623 
genitalia, external, 447 
glands of Baitholin, 448 
mammary glands, 881 
menstr WAUINE Uterus, 432 
ovaries, 416, 628 
oviducts, 424, 624 
ovum, maturation of, 422 
placenta, 488, 627 
urcthia, 446, 630 
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Reproductive orpans--(Containcd) 
fomalc—(Continued) 
uterus, 429, 625 
vapina, 414, 629 
male, 887, 615 
accessory glands, 402, 619 
butbourethral ghunds 
409, 621 
ductus deferens, 398, 648 
ductus epididynns, 998, 617 
eflerent ducts, 898, G17 
ejaculatory duces, 401, 408 
penis, 409, 621 
plostate gland, 404, 619 
rete testis, 397 
seminal vesicles, 402, 619 
seminiferous tubules, 389, 390, G16 
spermatic cord, 401, G18 
spermatic ducts, $96, 617 
spermatogenests, $4 
staight uibules, 389, 897 
testis, 387, 615 
wothia, 418 
Resorption of bone, 78 
Respnatory hionchioles, 317 
Respratory region, 800, 592 
epithelium, 801 
false erectile tissue, $02 
mucous crypts 80) 
Schociderian membrane, 800 
stroma, $01 
Resphatory system, $00, 59% 
hload supply, 822 
lnonchi, 814, 506 
larynx, 806, 594 
lungs, 818, 596 
lyarphaties, 324 
nadal fossac, 800, 692 
olfactory region, 802, 598 
respiratory region, 800, 59% 
nerves, 824 
paranasal sinuses 806 
plaura, 822 
pulmonary aly coli, 819 
truchea, 810, 595 
Resting stage, ol ecll, 24 
Rete testis, 397 
epithelnm, $97 
Reticular cells, 44, 625 
lymph gland, 192 
spleen, 196 
Reticnlar connective issue, 44 
fibers, 44, 51 


(Cowper's), 


Reucuhu tissue, 4 
distibuuen of, 16 
Reueuloted layer, shin, $70 
Reucelin, §1 
Reuculacytes of bload, 95, 107 
Reticulo-cudothelial system, §8 
“dust cells” of tung, 54 
fincnon, 59 
Hasting yte $, 58 
Kupiler cells of liver, 58 
nikon, 69 
reuicule cells, 58 
Retna, 451, 156, 693 
hlood supply, 464 
cones, 461 
divisions of 456 
fovea centialis, 164 
ganghon cell layer, 408 
Inner hiniting membrane, 468 
inner nuclear Jayer, 462 
inner icucular layer, 468 
layer of pigmented cells, 458 
layer of rods and cones, 459 
layers af, 458 
lymphatics, 464 
macula laten, 464 
Miller, filers of, 457, 468 
nerve fiber layer, 468 
optic disc, 452, 157 
outer limiting membrane, 462 
outer nucleat layer, 462 
outer reticular layer, 462 
rods, 460 
Retzius, lines of, 218 
Rhodopsin, 460 
Right lymphatic duct, 188 
Riolan, clliary musele of, 480 
Rods. retina, 460 
end bulb, 460 
fiber apparatus, 460 
Inner segment, 460 
outer segment, 160 
rhodopsin, 460 
rod fiber, 460 
rod granule, 460 
shape, 460 
size, 160 
visual purple, 460 
Rods and cones, 459 
Rokitansky-Aschofl sinuses, 298 
Roinanowsky stain, 97 
Roat, af tooth, 216 
Root canal, of (goth, 222 
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Root canal—~(Gontinned) 
sheath, hair, inne1, 872, 375 

hair, oucer, 372, 875 
Herewig's, tooth, 227 

Rouget cells, 178 

Rouleux, red blood corpuscles, 94 

Rudinger, dilator muscle of, 262 

Russell’s bodies, 49 


s§ 


Saccule, 495 
Salivary corpuscles, 205 
Salivary glands, 276, 586 
blood supply, 281 
function, 276 
lymphatics, 282 
nerves, 281 
parotid, 276, 586 
duct system, 277 
secretion of, 276 
sublingual, 281, 587 
duct system, 281 
submaxillaty, 279, 587 
duct system, 280 
Santorini’s duct, 285 
Sap, nuclear, 19 
Sarcocytes, 118 
Sarcolemma, 117 
Sarcomere, 120 
Sarcoplasm, 117 
Sarcosomes, 117 
Satellite cells, 152, 165 
Scala tympani, 494, 502 
vestibuli, 494, 502 
Schilling count, blood, 100 
Schlemm, canal of, 469 
Schmidt-Lanter mann incisure, 438 
Schneiderian membrane, 300 
Schwann cells, 144 
sheath, 141 
Schweigger-Seidel sheath, 197 
Sclora, 451, 682 
blood supply, 455 
fibtous layer, 458 
lamina cribrosn, 453 
lamina Susea, 454 
neryes, 455 
scleral spur, 453 
scleral sulcus, 453 
supracho) oid space, 454 
Scleral spur, 453 
sncus, 453 
Schaccous glands, 212, 264, 278 
Sebum, 376 
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Secondaty bronchioles, 816 
spermatocytes, $92 
Secretin, 288 
Segment af Bowman, 120 
Semicii cular Ginals, 4938 
cristae ampulla ts, 499 
Semilutnar valve, 184, 558 
Seminitl vesides, 402, G19 
epithelium, 408 
pigment, 408 
secretory granules, 408 
mincosa, (02 
alveolar surface, 408 
Seminiferons tibules, 390, 616 
interstitial cells, 894 
Leydig cells, 894 
Sertoli cells, 391 
spermatogenesis, 894 
spermatagenic cells, 891 
primary spermatacyles, 892 
secondin y spermatocytes, $92 
spermatids, 392, 898 
spermatogonia, 892 
spermalozont, 892, 898 
stron, 394 
testosterone, 894 
Sensory nerve endings, 154 
cneapsulated, 156, 159 
free, 158 
Septal cells, lang, 819 
Sertoli cells, 891 
Serum, blood. 91 
Sex chromosomes, $95 
Shar pey’s fibers, 75 
Sheath, of Henle, 150 
of Hertwig, 227 
inner root, hair. $72, 375 
of Key and Revins, 148 
myelin, 141 
of Newmann, 219 
ouler root, hinir, 872. 375 
of Schwann, 141 
of Schweigger-Seidel, 197 ‘ 
Simple columnar epithelium, 82, 618 
cuboidal epithelium, 82, 518 
squamous epithelium, 80, U7 
Sinoamicular node, 185 
Sinuses, anal, 262 
lymphatic, 191 
paranasal, 806 
venous, of spleen, 198 
Sinusoids, 179 
Skeletal muscle, 117, 546 
anisotropic band, 119 
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pkeletal musde~ (Contuiued) 

Cohnheim areas, 118 
columns of Kolliker, 18 
contraction band, 121 
contraction of, 120 

chemical changes in, 121 
cass striations, 117 
endoniysium, (17 
epimysium, 117 
fasciculi, 117 
fibers, 117 

length, 117 

red, 118 

shape, 117 

white, 118 
fibrillae, 118 
Tlensen’s cise, 120 
Tlensen's line, 120 
isotropic band, 120 
[ bane, 120 
Krause's membrane, 120 
nuclei, 118 
Q band, 120 
perimysium, 117 
regeneration, 121 
sarcolemma, 117 
sarcomere, 120 
sarcoplasm, 117 
sarcosomes, 117 
sarcostyles, 118 
segment of Bowman, 120 
Zine, 120 

Skin, 866, 608 

blood supply, 871 
cells of Langerhans, 871 
chromatophores, 870 
corium, 870 
derma, $66 
dermal papillae, 867 
eleidin, 869 
epidermis, 866 
function, 866 
glands, 871 

sebaceous, $71 

swent, $7] 
intercellular bridges. 868 
keratin, 869 
keratohyalin, 869 
lymphatics, 872 
melanin, 870 
melanoblasts, $70 
myoepithelial cells, $71 
noxves, 872 
panniculus adiposn, 866 
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Skine (Contined) 
papillary layer, 870 
parelerdin, $69 
pigment, 370 
pickle cells, $68 
reticdlated layer, 870 
saratum corneum, 367, 869 

germinativion, 367, 369 
guimulosum, 867, 860 
lucidum, 867, 869 
tela subcutaned, 374) 
tonofidrils, 368 

Simall intestine, 246, 578 
agentafline cells, 250 
hlood supply, 251 
Brunner's glands, 251, 253 
chyle, 248 


columnar absorbing cells, 249 
crypts of Licherkithn, 248, 249 


duodenum, 258, 578 

epithelium, 249 

goblet cells, 249 

ileum, 254, 580 

jejuni, 258, 579 

lacteals, 248 

mucosa, 2416 

muscularis externa, 251 
mnucosne, 251 

nerves, 251 

Paneth cells, 250 

Peyer's patch, 251, 254 

plicae circulares, 246 

serosit, 251 

solitary lymph nodules, 251 

structural plan, 246 

submucosa, 251 


on! 


undifferentiated columnar cells, 249 


villi, 246 
Smooth muscle, 118. 546 
blood supply, 116 
border fibers, 115 
conuaction of, 116 
distribution, 116 
fibers, 118 
ariangement, 118 
length, 114 
shape, 118 
myofibrillne, 115 
myoglia, 115 
nerves, 116 
nuclei, 118 
plasma membrane, 115 


Solitary (lymph) follicle, 189, 251 
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Somatic afferent fiber, 155 
efferent fiber, 160 
Space, cpiscleral, 450 
Fontana’s, 469 
Maversian, 78 
inter globular, 220 
martow, 84 
primaty, 79 
secondary, 8 
Nuel’s, 509 
perivitelline, 420 
suprachoroid, 454 
Tenon’s, 450 
Spermatic cord, 401, 618 
Spermatic ducts, 896, 617 
ductus deferens, 398, 618 
epidicymus, 390, 898, 617 
efferent ducts, 390, 398, 617 
cjaculatory ducts, 401, 408 
rete testis, 889, $97 
straight cubules, 389, 397 
Spermatids, 892, 898 
Spermatogenesis, 894 
Spermatagonia, 392 
Spermatozoa, 392, 393 
struct ¢, 3938 
Sphincter pupillae muscle, 478 
Spinal cord, 127 
membranes, 167 
Spinal ganglia, 152 
nerves, 129 
Spindle, hair, 876 
Spiral canal, modiolus, 193 
laminae, 498 
sigament, 502 
limbus, 504 
prominence, 508 
sulcus, external, 503 
internal, 504 
Spireme, 25 
Spleen, 194, 561 
blood supply, 196 
central arterics, 196 
penicilli, 197 
pulp arteries, 197 
sheathed arteries, 197 
terminal arterial capillaries, 197 
trabecular arteries, 196 
venous sinuses, 198 
cells of, 196, 199 
function, 199 
lymphatics, 199 
Malpighian corpuscles, 196 
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Spleen~ (Continued) 
nerves, 199 
parenchyma, 198 
pulp ol, 196 
ted pulp, 196 
Sheath of Schweigeor-Seidal, 197 
splenic cords, 196 
splenic nodules, 196 
white pulp, 196 
Splenic corpuscles, 196 
pulp, 196 
Splenocytes, 106 
Spongtocytes, 351 
Spongy bone, 70 
Stapecius muscle, 488 
Stapes, 488 
Stellate cells of Kupffer, 295 
Stellate veins of Verhayen, $35 
Stensen’s duct, 278 
Stercacilia, $4 
of ductus deferens, 400 
of epididymis, 898 
Stigma of Graafian follicle, 420 
Stipple cells, 95 
Stomach, 239, 874 
agentafline calls, 244 
hload supply, 245 
chief cells, 242 
gastric pits, 240, 242, 244 
HCl seeretion, 244 
lymphatics, 245 
mucosa, 240 
glands, 241 
carding, 241 
gastric, 241 
pyloric, 244 
surface epithelium, 240 
muscularis externa, 241 
mucosae, 240 
nerves, 245 
parictal cells, 242 
pepsin sceretion, 242 
Prozymogen gamules, 242 
serosa, 241 
submucosa, 241 
tunica propria, 240 
Straight tubules, testis, 897 
epithelium of, 897 
Stratified columnar epithelium, $7, 622 
squamous epithelium, 85, 521 
Stratum, corneuns, 867, 869 * 
germinativum, 867, 869 
sranulosum, ovarian follicle, 419 
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Stratum—(Continued) 

ganulosum, skin, 367, 869 

lucidum, $07, 869 
Suia vascularis, 503 
stated border of cells, 32 
Suiated muscle, 117, 546 
striations, cross, of muscle, 118, 119, 122 
Sublingual pland, 281, 587 
Submaxillary gland, 279, 587 
Submucous plexus, 245 
Sucking cise, 212 
Superior tarsal muscle, 480 
Suprachoroid space, 454 
Suprarenal, $49, 605 (See adrenal) 
Suspensory ligament, 171 
Sweat glands, 212, 278 
Sympathetic division of autonomic nery 

ous syste, 180, 133 

Synapse, 147 
Syncytial layer, 440 
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“Laenia coli, 259 
Tapetum, 456 
“Tarsal muscle of Miller, 480 
‘Tarsal plate, 478 
‘Taste buds, 288 
cells of, 288 
innervation of, 284 
‘Feetorial membrane, $09 
Veoth, 214, 507 
apical foramen, 222 
blood supply, 224 
cementum, 220 
crown, 216 
dental pulp, 22] 
denting, 219 
dentinoenamel junction, 219 
development al, 225 
enamel, 216 
neck, 216 
pericdental membrane, 216, 228 
pulp cavity, 221 
loot, 216 
root canal, 222 
‘Tela subeutanen, $70 
Telodendeia, 140 
‘Telophase, 25 
Tendon, $4, $28 
‘Teiton’s capsule, 449 
space, 450 
"Tensor tympani muscle, 488 
Terminal bar's, 82 
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Teummal bronchioles, $17 
Peutorial manix, cartilage, 62 
Testes, $87, G15 
blood supply, 896 
hocy of Tlighmore, 389 
cout vasculosi, 890 
ductus epididyiia, 890, $98 
elerent ducts, 390, S98 
gubernaculum tests, 380 
interstitial cells, 894 
Jobuli testis, 389 
lymphatics, $96 
mediascintim cestis, 889 
nerves, 896 
processus vaginalis, 888 
rete Lestis, 889, 897 
semmlferous tubules, $89, 390 
Sertoli cells, 891 
spermatogenesis, 891 
speunatogenic cells, 391 
straight tubules, 889, $07 
tunica albuginen, 889 
vaginalis, 389 
vasculosa, 889 
vas deferens, $98 
Testosterone, 894 
Theca batt, 875 
Theca folliculi, ovaries, 420 
Thoracic duct, 88 
Thrombin, 102 
Thoombocytes, 102, 545 
Thromboplastin, 108 
Thymic corpuscle, 201 
Thymocytes, 201 
Thymus, 200, 562 
blood supply, 202 
cortex, 201 
function, 208 
Tassall's corpuscles, 201 
involution of, 202 
lymphatics, 202 
medulla, 201 
nerves, 202 
thymic corpuscles, 201 
thymocytes, 201 
Thyroid, 848, 608 
accessory thyroids, $44 
blood supply, 847 
colloid, 848 
colloid cells of Langendorf, 845 
epithelium, 44 
fallicules, 844 
function, $47 
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‘Thyroid—(Continued) 
inteffollicular cells, 346 ~ 
interstitial connective tissuc, 346 
lobes, 344 : 
lymphatics, 847 
nerves, 847 
thyroxin, 346 _ 

Thyroxin, 346 
Tigroid bodies, 188 
Tissues, blood, 89, 548 
connective, 41, 524 
adipose, 56, 527 
bone, 69, 533 
cartilage, 60, 530 
embryonal, 43, 525 
fibrous, 46,526 4 
reticular, 44, 525° 
epithelial, 28, 517 
lymphoid, 189 
muscular, 118. 546 
nervous, 135, 549 
Tomes, dentinal fibers of, 219 
enamel processes of, 227 
granular areas of, 220 
Jenne 230, 571 
. blood supply, 234 ., 
frenuleim, 231 
glands, 234 
of Blancin, 234 
of von Ebner, 234 
lingual septum, 231 
lymphatics, 234 
muscles, 231 
extrinsic, 281 
intrinsic; 231 
nerves, 234: 
papillae, 232 
_ circumvallate, 232 
filiform, 232° 
foliate, 232 
fungiform, 232 
_ structute, 231 - 
taste buds, 233: 
gustatory cells, 283 
gustatory pore, 238 
sustentaculat cells, 233° 
‘Yonofibrils, 28, 368, 507 
Tonsils, 203, 563° 
adenoids, 205 
- blood supply, 206. - 
crypts, 208, 205 
function, 206 
lingual, 205, 564 
lymphatics, 206 
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Tonsils—( Continued) 
nerves, 206 : 
palatine, 208, 568 ~ 
pharynge eit, 205, 564 : na 
salivary corpuscles, 205 
Waldeyer's pharyngeal ring, 207, 

Trabecular arteries of spleen, 196 / 
veins of spleen, 199 

Trachea, $10, 595 

cartilages, 810, 313 

epithelium, 310 
cells of, $10 

glands, $10 

mucosa, 810 

submucosa, 311 

Transitional epithelium, 87, 522 

Tricuspid valve, [84 

Trophoblnst, cellulitr. 440 
sy 

~ Tubular glands, 278 
Tunica adventitia, 175. 176, 

albuginea, ovary, 417 
penis, 410 
testis, $87 
intima, 174, 176 
media, 174, 176 
propria, 211, 286, 240, 250 
vaginalis, testis, 389 . 
vasculosa, cornea, 45] 
testis, $89 
Tympanic membrane, 489 
blood supply. 490 
cutancous tayer, 489 
fibrous layer, 490 
mucous layer, 490 
nerves, 490 
Tyson, glands of, 410 
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Umbilical cord, 442 
Unipolar neuron, 126 
Unitarian theory of blood Renal pp sen 
104 
s -Unmyelinated nerve fiber, 141, 144 
Ureter, 336, 602 : 
blood supply, 337 
lymphatics, 338 | 
nerves, 338 
structure, 836 d 
Urethra; female, 446 © 
— epithelinm, 447 
male, 413- 
~ etypts, 414, = 
divisions, 418) 
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Urethra=(Gontinued) 
P male—(Gontinued) | 
: epithel fim, 433 
glands of Lituré, 418 
i Urinary bladder, $39 
hlood supply. 846 
divisions of, $89 
hocdy, $39 
fundus, $80 
trigone, 389 
lymphaties, 840 
nerves, 842 
surnreture, 839 
Urinary system, $25, 598 
female urethra, 446, 680 
kidney, 825, 598 
blood vessels, $844 
function, $25 
lympliatics, 885 
Malpighian corpuscles, 828, 881 
nerves, 836 
' renal pelvis, 826 
renal sinus, 825 
size, 825 
uniniferons tubules, $80 
male urechra, 413 
| ureter, $36, 602 
urinary bladder, 889, 602 
Uviniferous tubules, $380 
collecting partion, 884 
_, secretary portion, 382 
Uterus, 429, 628 
© age changes, 488 
« blood supply, 481 
 bbdy, 429 
 éorvien! canal, 429 
cervix, 429 
© endometrium) 429 
> basab layer, 420 
cyclic changes, 182 
epitheliam, 429, 480 
finctional layer, 429° 
glands, 429 
menstruation, 482 
stromay430- 















follicles of Naboth. 430: 
mids; 129 
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(Gontinned) 
puelniatites, 420 
pregmant, 138 
seulinus, 08 
Utricle, 1495 
Uericdtosnccutar duct, {08 
Ucriculus prostaticus, 408 
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Vagina. 144, 629 
bload supply. 446 
columuae vugae, 445 
epithelium, 444 
cyclic changes, 4416 
estrogen, in relation to, 445 
fibrosa, 446 
hymen, 446 
lymphatics, 446 
mucosa, 444 
mousculivis, 446 
nerves, 446 
secretion, 445 
submucosa, 445 
Vallate papillae, 292 
Valves, anal, 262 
neviaventricaliar, 184, 658 
heurt, 188, 558 
Houston, 262 
ilco-colic, 255, 680 
semilunaar, 184, 558 
of veins, 181 
Vis spirale, $06 
Vasa alferentia, 191 
efferentia, 191 
vasorum, 182 
Vascular systeny,. 178 
blood, 178 
arteries, 178, 885 
arteriovenous anastomoses, 181 
heart, 182, 557 
veins, (79, 656 
lymph, 186, 550 
Vater, mnpulla of, 253 
Vater-Pacini, corpusele of, 156 
Veins, 179, B56 
large, 18.1656 
medium sized, 181, 586 
valves, (81) 557 
. Wenules, 180, 557 


~ Vennevarticosie, 456 
~ -Venuiteles of heart, 182 
Venules, 180,587 
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Vermiform appendix, 259, 582 
structure, 259 a 4 
» Vestibular aqueduct, 493 
© Vestibule, 493 
Vili; of placenta, 488, 440 - 
of intestine, 246 
» Visceral afferent fibers, 129 
efferent fibers, 129, 161 
Vishal purple, 460 
« Vitelline body, 419 
Vitreous humor, 452 
Volkmann's canals, 74° 
Voluntary muscle, 117 
yon Ebner, plands of, 234 
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Waldeyer's pharyngeal ring, 207, 564: 
Wallerian degeneration, 145 
Wandering cells, 45, 48 
Wharton's duct, 280 

jelly, 44 
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White cells, 1 DB: 22 
Wirsting, duct of price 


8, 285 
Xx ; 
X-Y chromosomes, spermatocytes, 395 
f “ 
Yolk granules, 16 
ZL 


Z line, 120 

Aviss, glands of, 178 

Zinn, zonule of, 475 

Zona fasciculata, 351 
glomerulosa, 35) 
pellucida, 419, 420 
reticularis, $51 

Zones, epithelial, of anus, 262 

Zonule of Zinn, 175 

Zuckerkandl, organs af, 854 

Zymogen granules, 16 








